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1. I N T R O D U C T I O N  
. 
INTRODUCTION 
The purpose of the cur ren t  program has  been to develop a long range 
so lar  flare prediction technique, and if possible,  to determine the 
mechanisms involved in so la r  system dynamics correlating with 
proton events,  Prediction of solar flare proton events is vital for  
the space program,  
dose f rom a single event, 
cap blackouts and by ionospheric disturbances caused by accompanying 
X-rays.  Upper a tmosphere densities a r e  sensit ive to X-rays,  protons 
and geomagnetic disturbances,  all caused by proton events. 
The space crew could receive a lethal radiation 
Communications a r e  disrupted by polar 
The cur ren t  study has  the following bases .  (1) Studies were made 
only of f lare-act ive sunspot groups, a subgroup of about 570 of all 
sunspots; (2)  predictions have been made over a four year  period 
and compared to  actual so la r  activity, so that the method could be 
checked and improvements made; (3) the method is empir ica l  and 
not dependent upon any theory. 
An experimental  method w a s  used par t ly  because a complete theoreti-  
cal eolution to  planetary influence on so lar  activity requi res  a very 
l a r g e  number of variables, even if a suitable theory is available. In 
addition, the sun displays cyclic behavior (Babcock, 1961) (Leighton, 
1969) and latitudinal and longitudinal asymmetr ies  which are  probably 
not re la ted to  planetary configurations. 
y e a r s  of forecasting showed that significant resu l t s  could be obtained 
with a small number of parameters ,  but some s t r ic t ly  solar  pa rame te r s  
had t o  be included for  a solution. It w a s  necessary  to  include the solar  
act ive longitudes as a variable.  
proton events during the rising part  of the cycle, less so during the 
declining par t ,  when they are broader (i. e. ,  at lower lati tudes) and 
the sun is m o r e  flare-active (Gnevishev and Krivsky, 1966). 
Experience during several 
The active longitudes a r e  c r i t i ca l  for  
The outstanding examples of any phenomenon are  worth special  study 
for  c lues  that may shed light on the general  behavior of the whole 
class. Therefore  outstanding proton event centers  on the sun have 
been studied in detail. 
the correlation between so lar  activity and geomagnetic disturbances 
and their accompanying au ro ras .  Giant active centers  have been the 
means by which seve ra l  other so la r  phenomena have been discovered 
(i. e. , radio burs t s  f r o m  the February  1942 active center).  
Level  Events (GLE) w e r e  chosen for  study because: (a) longer period 
of observation; (b) Tre l l i s  (1966) has  shown that planetary influence is 
much greater  for "centers of activity" ( large,  long-lived spot groups)  
than for all sunspots; ( c )  Four  yea r s1  experience with a t r i a l  prediction 
sys tem confirmed this non-linear effect. 
for  major proton events,  not as good for spot and flare activity. 
statist ical  analysis of the cycle 19 events showed that all of the GLE 
events could be explained by 4-planet configurations , whereas only 
about 80% of all the proton events and smaller centers  of activity could 
be satisfactorily explained by 4 planet configuration. In the s ta t is t ical  
analysis m o r e  events could be explained in the declining portion of the 
11 yea r  cycle than in the rising portion. 
The study of la rge  active centers  established 
Ground 
The prediction is excellent 
(d) A 
rc 
e 
GLE's included by most  authorit ies a re :  28 Feb. 1942; 25 Jul. 1946; 
19 Nov. 1949; 23 Feb. 1956; 16 Jul. 1959; 12, 15 Nov. 1960 and 18, 20 
Jul. 1961, during cy,cles 17-19. 
p. 219, and McDonald, "Solar Proton Manual, 'I NASA TR-R169, 
pp. 12-13. ) When ambiguity about the charac te r i s t ic  spec t rum exis ts  , 
the integrated intensity was used as a cr i ter ion.  
Sept. 1961 events yielded proton fluxes a factor of 100 o r  m o r e  lower 
than the events discussed,  
Geophysical Data. 
28 Feb. , 30 Mar ,  , 10 Apr. ,  1969. 
(See Smith and Smith "Solar F l a r e s ,  'I 
The May 1960 and 
Events of cycle 20 a r e  l isted in ESSA Solar 
Ground level events a re :  7 July 1966; 28 Jan. 1967; 
Nearly all authorit ies ag ree  on the f i r s t  four GLE events because of 
the limited number of observing stations and methods. 
between l i s t s  begin to  occur  in late 1956. 
w e r e  measured by meson counters. 
neutron monitors,  and beginning at about the same time balloon and 
rocket soundings w e r e  obtained. The neutron monitors  in turn  have 
Discrepancies 
Before this time GLE's 
These were  later replaced by 
c 
2 
t 
* 
been replaced and/or supplemented by super  -neutron monitors of 
grea te r  sensitivity and by satellite measurements ,  
of neutrbn monitors has  increased dramatical ly ,  located a t  many 
northern latitudes, and, beginning during the IQSY, a t  the south pole 
stations.  
t e r  strongly in Europe and not in the U. S. and vice versa .  The 
seasonal  tilt  of the ear th ' s  axis also affects detection: the 28 Jan 1967 
G L E  event regis tered more  strongly a t  the south pole stations than 
a t  the north pole stations. 
largely to different monitoring techniques and different instrument 
locations. 
sponsible fo r  90% of the proton flux during that solar  cycle. 
The total number 
Even longitude makes a difference since some events reg is -  
Therefore differences af ter  1956 a r e  due 
The four active centers studied during cycle 19 were r e -  
It is hoped that the study will be useful in a t  l eas t  two contexts. 
to the person engaged in predicting so la r ,  atmospheric o r  ionospheric 
pa rame te r s ,  it  is hoped that the discussions of individual events a r e  
complete enough to explain the use of the technique. It is suggested 
that a person with such interests  concentrate on the events f rom 1956 
through 1969, and on such topics as  active longitudes and major 
activity by phase of the 11-year cycle. 
interested in the causes  of solar  activity, i t  i s  hoped that sufficient 
information and reference mater ia l  is included so that p rog res s  can 
be made on a very challenging theoretical problem. 
dynamics and i ts  relationship to solar activity has  undergone a very 
rapid growth in recent  yea r s .  
sca t te red  throughout an extensive international l i terature  not ordinarily 
r ead  by as t ronomers .  
aerodynamicists,  meteorologists,  physicists and engineers and not by 
as t ronomers  except in Soviet Bloc countries.  
that such an unfortunate gap can be bridged in the near  future. 
First, 
Secondly, fo r  the scientist  
Solar sys tem 
Much of the reference mater ia l  is 
P r o g r e s s  to date has  been accomplished by 
It is sincerely hoped 
3 
2 .  O R G A N I Z A T I O N  OF R E P O R T  
mrtoso 1&wr of  the rtudy are dcrcri&d in  reparate rectiocrr 
&M am l a r y l y  wlf-contained. 
aty mqtatod, 88d appropriate refercnckr are l i r t ad  lrith each recthn. 
htla 3 doocr iko  th. prodiction technique developed over a yearm 
Some dcf in i t ionr  and explamtioar  
1 
.I to em car tic^(. 
- 
ba junc t ion  &tor  f o r  94 yoarr dro 8 i ~ n .  
* 
#8eWm4 brma* 7 d o r c t i k  u j o r  ac t ive  conterm on the run ovor a 
110 yaor p o t i d .  
Q the borir of c t i t o r i .  dov01op.d in tho rtudy of eventi of  
ryclro 17-19. 
I p lant  t-1 forco and derivativa o f  tidal forco. 
1-1 - t o  rad *it. li*t flarbo a n  deoc r ikd  frcm 1942- 
1951. 
f b  tor tvmwnth kfore tho evontr. rour ac t ive  contori  of 
-lo 19 producod over 90% o f  the par t i c l e  flux. 
d th camtom rad tho t r iggot in8 of thr eventr i r  d e r c r i k d  
Wm 10 Q. W$o flax o d u n c r o n t  an conjunction d a k r  ao 
am Irlleator bor twm -tho boforo proton o n a t r .  
emtoto of ayelo 20 aro dorcribed u r i a l  both X-ray and radio 
f l a  anboacamto  oa conjunction dator.  S o  drvolopent  o f  
omb -tot i o  tracod for &roo i o n t h o .  An rva lwt ion  of cyclo 
a pradhtioor 10 8ivea, and forocar t r  of rvontr in 1970-71 
?robable rvontr kforo 1942 are dircurmd 
Bvatr  a f t e r  1900 aro d o r c r i k d  bi conjurictioar, 
; 
Ground 
a0 l a t t o r  hro ac t ive  centerr  are traced by 10-cm. radio 
Ime ori8lao 
lour rct iva  
peowrtd. 
he- 8 ~ m - 0  thnr b p i c r  of  Lportanco f o r  prod.ictiorrr reti- 
~ i t u b o ,  w j o t  r a t i r i t y  by woo of  rout cyclo, and ul t ra -  
4- forO~aOt8 o f  cyclor 20,. 21 and 22. 
meSam 9 bp It. 0. yaod, m.D., d o r c r i k r  range prediction of tho 
omUr eye10 bod on canf ip l ra t ioar  of the outor p b a r t r .  
- e t a  10: m l w i a o  a d  n c m t i o o r .  kveraf tec-brtiato 
am bnd a imp-tr la rohr moaitorin8. 
. 
3 .  EMPIRICAL APPROACH 
( P l a n e t  Conj) 
3 .  EMPIRICAP APPROACH 
. 
The problem of kong range prediction of solar  activity is dis-  
cussed. 
sun about the center of m a s s  of the solar system. 
caused by the motion of nine planets in eccentric orbi ts ,  result ing in a 
very large number of variables. 
longitudinal and latitudinal asymmetr ies .  
Fluctuations in solar  activity a r e  influenced by motion of the 
Solar motion is 
In addition, the sun itself displays 
Therefore  planetary influence on solar  activity was f i r s t  studied 
f rom the empir ical  point of view. 
and proton events could be predicted by the position of four significant 
planets plus an  active longitude on the sun. 
planets in alignment with an active solar  longitude is followed by solar  
activity. 
given, for comparison to geomagnetic s t o r m  data which is available 
frornfive observator ies  f rom 1874 (Greenwich, Abinger, Huancayo, 
Watheroo and Slutsk-Pavlovsk). 
It was found that sunspots, f la res  
Conjunctions of these 
Tables of planetary conjunctions over a 94 year  period are 
A variety of planetary functions have been studied in an effort to 
understand solar  system dynamics. 
sunspot cycle seems  to  be related to motion of the outer planets, 
affecting so lar  displacement or  velocity (Wood, 1968) or  angular 
momentum (Jose ,  1965) dominated by the outer planets. On the other 
hand, f la res  and proton events s eem to follow conjunctions of Jupiter,  
Ea r th ,  Venus and Mercury (Blizard,  1968) which have high values of 
tidal force and rate of change of solar  acceleration 
Very long range modulation of the 
( jerk) .  
Finally, there  is a discussion of the rank order  of planetary 
influence on solar  activity. 
planets are li,sted. 
period, showing repetition patterns. 
Triple conjunctions of the four major 
Dates of triple conjunctions a r e  given for a 70 year 
5 
I .  EMHRICAL APPROACH TO FLARE PREDICTiON 
An empir ica l  approach has been used to determine the mecha- 
nisms involved in so l a r - sys t em dynamics correlat ing with sunspots, 
flares, X- ray  emission,  and proton events. 
proton events of so la r  cycles 19 and 20 were examined in detail  to 
events o r  f la res .  A correlat ion study was made using Chi-square 
analysis (Blizard,  1965). 
tidal planets increased solar  activity. 
nations of the four tidal planet8 cor re la te  with 2/3 the proton events noted 
during 1956- 1961. The possibility of such a correlat ion occurr ing by 
chance alone is  less than 5 in 10,000 (p  = . 0 0 0 5 )  using the Chi-square 
Tes t  of s ta t is t ical  significance. Other planetary combinations may be 
followed by X-ray  f larea.  
planet$ were  even more  likely to be followed by high so lar  activity. 
Planetary conjunctions a r e  a necessary  but not a sufficient condition 
for solar activity. In addition, active longitudes on the sun must  be 
approximately in alignment with the longitude of conjunction. 
F i r s t ,  the large f la res  and - 
determine the relationship between planetary parameters  and proton - 
It was found that conjunctions of two or m o r e ,  
In par t icular ,  only three  combi- ' 
Conjunctions of three or  more  of theset 
A t r i a l  prediction method has  been attempted over a period of 
2- 1/2 years  (Blizard,  1968) indicating the approximate date and location 
of solar  active centers  which could resul t  in proton events. This was 
the f i rs t  long-range forecasting technique designed specifically to  pre-  
dict  proton events,  as distinguished f rom sunspots or  radio emission.  
These forecaets  were begun in  June, 1965, predicting solar  activity 
120 days in advance. 
to t ransmission of radiation in interplanetary space.  Proton events 
which have been successfully predicted by this method include: 
The predictions apply to events on the sun and not 
Jul 9 7 
28 } 1966 
Aug 28 
S ~ P  2 J 
Jan 28 1967 
(Ground Level 
Event) 
Oct 31  1968 
11. THEORETICAL APPROACH TO FLARE PREDICTION 
It  would be desirable  to represent  solar  perturbations a s  con- 
tinuous functions, but the crucial  conditions preceding solar  proton 
events have not a s  yet been successfully plotted in this manner.  
approximation to the sunspot no. and/or 10 c m  radio flux has  been made 
by seve ra l  investigators using the following functions: 
An 
(1) Jose (1964) - r a t e  of change of so la r  angular momentum 
(2) Wood and Wood (1965) - r a t e  of change of solar  acceleration 
(3) Takahashi (1967) - tidal force squared 
(4) BigR (1968) - ra te  of change of t idal  force  
and for so la r  radio bursts  by: 
(5) Nelson (1952) - planetary conjunctions and 90" configurations, 
and for  so la r  particle events by: 
(6) -- Blizard (1965) - rate of change of tidal force and resonance 
sequences of planetary conjunctions 
- Head (unpubl. ) - square of the modulus (gravity vector) ( 7 )  
One reason  for the inconsistent resu l t s  in these approaches is 
that two functions may  possibly be involved.' Evidence for this includes: 
(1) Influence of a l l  nine planets on so lar  activity (Nelson etc.  ). 
Nearly al l  reasonable functions emphasize ei ther  the inner 
or  outer planets. (K. D. Wood, 1968). 
(2) Influence of planets in 90" configuration. No physical 
explanation is  reasonable, except for r a r e  occasions when 
the tidal function undergoes a sudden decrease  due to a 90" 
configuration of 3 or  4 tidal planets. Recent examples a r e  
July 1966 and June 1968. 
7 
1x1. R W K  ORDER OF PLANETARY EFFECTS 
If the effects of individual planets were additive and l inear ,  then 
one could examine the influence of the planets singly. 
does not r eem to be the case .  If e i ther  sunspot number or  proton events 
is used ar a cr i ter ion,  then the influence on solar  activity of two planets 
in conjunction is usually grea te r  than the s u m  of their separate  
influencer.  Cdmputer analysis  of the influence on sunspot numbers  of 
Mercury  d o n e  and in combination with Venus, karth o r  Jupiter shows 
a very complex curve (Bigg, 1965). 
of tidal and jerk valuee for a variety of conjunctionct, subject t o  the 
cautions above, that the individual effects are not s t r ic t ly  additive. 
The re  values a r e  therefore  considered only a e  a first approximation. 
However, that 
Table 4 show8 a simplified listing 
Theoretically, one finds that Venue- Jupiter conjunctions would 
Mercuty-  Jupiter conjunc- 
Jupiter war  located in this quadrant a t  
be the most likely to  be followed by proton events.  
Jupi te r ' s  longitude lies between 0' and 90" 
tions are possibly more important (the perihelions of Jupiter and 
Mercury  lie in thir  quadrant). 
the beginning of cycle 18, 19 and 20 and ea r ly  in each cycle the monthly 
mean sunapot number rhowr a 90-day periodicity (the synodic period of 
Mercury-  Jupiter conjunctions). 
8-month Venus- Jupiter synodic period is clear ly  dominant in so la r  
activity (for example,July 1959, May, November 1960, July 1961). 
Among triple conjunctions, it i o  no su rp r i se  to find Mercury-Venus- 
Jupiter to  be of paramount importance. 
However, when 
Toward the end of these cycles,  the 
. 
CONCLUSIONS 
Long range prediction of solar  activity has  become possible a s  a 
resu l t  of the study of so la r  system dynamics. Although a complete solution 
to the problem rzqui res  a very large number of pa rame te r s ,  real is t ic  
predictions can be made using a8 few a s  5 variables .  
the only one to successfully predict the July 7, 1966 proton event and 
the Jan. 28, 1967 ground level  event f rom a f la re  on the far side of 
the sun. 
This method was 
The planetary conjunctions used empir ical ly  can be visualized 
in computer plots of tidal force (or  je rk)  a s  rapid variations.  (Bollinger, 
1960, Takahashi,  1968). These fluctuations a r e  caused by sequences 
of conjunctions, by t r iple  conjunctions and occasionally by sharp  dips 
due to quadratures  of t idal  planets. 
A variety of planetary functions have been offered to explain 
solar activity. 
with ei ther :  
The highest correlation with f l a r e s  and proton events is 
(1) 
(2) 
Rate of change of tidal force (or of tidal force squared),  
Rate of change of solar  acceleration ( jerk) ,  both of which 
can explain events even a t  the beginning of the 11-year solar  
cycle. 
9 
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SABLE 2, Trlple Conjunctianr of Mercury, Vsnur and Jupiter 
1903' 
1910 
1916 
1917 
1919 
1925 
1927 
1934 
1939 
1941 
1943 
1948 
1950 
1957 
1962 
1964 
1966 
1971 
(23. 3 Year Ser ier)  
Sept. 28 
Nov, 4 
Jan. 16 
Dec, 28 
Doc. 11 
Fsb. 12 
Fob. 1 
Mar. 14 
May 21 
May 8 
Apr. 20 
Jun, 21 
Jun. 15 
Jul. 21 
Sept, 30 
Sspt, 15 
Aug. 27 
Oct. 20 
356' 
208' 
5' 
67' 
128' 
275' 
336' 
196' 
352' 
57' 
118' 
264' 
326' 
186' 
340' 
45' 
110' 
253' 
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TABLE 3. Triple  Conjunctions of Mercury, Venus and the Earth 
b 
Jerk 
Planets  Max Ave 
Me t V  6 .  1 4 . 9 .  
MetJ  4 . 7  2 . 4  
V t J  3.7 3. 5 
Me +E 4 .  6 2 . 4  
E t J  2. 2 2. 0 
Within 10" from 1902 to 1969 
(40 Year Period)  
Tidal 
M a x  Ave 
4. 2 3. 0 
4. 6 3 . 1  
4. 8 4 . 4  
3. 0 1 . 9  
3. 6 3 . 2  
1898 
1902 
1903 
1905 
1906 
1908 
1910 
1911 
Dec.  23 
Feb.  18 
Oct. 3 
Apr. 23 
Nov. 29 
Jul. 5 
Jan. 25 
Sep. 9 
1938 
1942 
1943 
1945 
1946 
1948 
1950 
1951 
Dec .  14 
Feb.  9 
Sep. 24 
Apr. 13 
Nov. 21 
Jun. 24 
Jan. 17 
Aug. 31 
TABLE 4,  Rank Order of Conjunctions 
.. 
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4 .  MAJOR EVENTS BEFORE 1942 
4. MAJOR EVENTS BEFORE 1942 
On the  b a s i s  of s t u d i e s  of c y c l e s  1 7 ,  18 and 1 9 ,  i t  i s  p o s s i b l e  
t o  e s t a b l i s h  n ine  c r i t e r i a  f o r  the occurrence of major proton f l a r e s .  
Most of the f e a t u r e s  l i s t e d  below have been recorded over the 130 year  
period of q u a n t i t a t i v e  s o l a r  obse rva t ions .  Thus i t  i s  f e a s i b l e  t o  
study e a r l i e r  s o l a r  c y c l e s  and determine major proton f l a r e  a c t i v i t y ,  
on the b a s i s  of one o r  more of t hese  c r i t e r i a .  The n ine  c r i t e r i a  a r e  
a s  follows: 
- 
(1) The Plage-sunspot region m u s t  be i n  second o r  l a t e r  
passage. 
(2) The sunspot a r e a  m u s t  be g r e a t e r  than 500 m i l l i o n t h s  
on the same d i s k  passage. 
(3) The penumbra m u s t  enclose umbra of oppos i t e  p o l a r i t y  
( d e l t a  c o n f i g u r a t i o n ) .  
(4) m e  f l a r e  m u s t  cause a magnetic c r o c h e t ,  o r  s h o r t  wave 
fade (SWF) which fol lows the time of the  f l a r e  maximum 
i n  ten s i t y . 
(5) The f l a r e  m u s t  cover  a s i g n i f i c a n t  p a r t  of the sunspot 
umbrae. 
(6) The f l a r e  m u s t  be accompanied on the same d i s k  passage 
by the loop promidence system. 
(7) The spo t  group m u s t  be magne t i ca l ly  complex, beta  o r  
beta- gamma. 
(8) The f l a r e  m u s t  occur a t  an a c t i v e  Carr ington long i tude .  
(9) The f l a r e  m u s t  occur nea r  one of the th ree  peaks of 
major a c t i v i t y  i n  the 11 yea r  c y c l e .  
Applying c r i t e r i a  (1) and ( 2 ) ,  a search f o r  e a r l y  proton f l a r e s  
could begin by scanning the  Greenwich r eco rds  of r e c u r r e n t  sunspots  of 
a r e a  '500 m i l l i o n t h s  o f  t h e  s o l a r  hemisphere. 
The d i s c u s s i o n  w i l l  concen t r a t e  on e v e n t s  l a t e r  than 1900 for 
t he  following reasons:  
16 
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1. A crmple te  59.5 yea r  Jup i t e r -Sa tu rn  cyc le  i s  covered,  
and a lmost  one-half  of a Uranus-Neptune cyc le .  
t h i s  r eason ,  7-p lane t  t i d a l  f o r c e s  have been computed 
from 1900-1959 (Bo l l inge r ,  1960). 
For 
2 .  Sunspot p o l a r i t i e s  from 1913 and magnetic f i e l d  s t r e n g t h s  
from 1917 a r e  a v a i l a b l e  (Hale and Nicholson,  1938).  
3. Dai ly  maps of t he  chromosphere and prominences a r e  a v a i l -  
a b l e  from Meudon Observatory from 1919 t o  d a t e  (d'Azambuja) 
1: .  Systematic  sunspot obse rva t ions  were made by both Greenwich 
and M t .  Wilson Observa tor ies  from 1917. 
The d i s c u s s i o n  t h u s  proceeds t o  solar c y c l e s  14 th ru  17 ,  wi th  
d e s c r i p t i o n s  of t he  fo l lowing  proton events :  10 September 1908, 10 
August 1917, 24, 25 January  1926, and 14 January  1938. The 1908 even t  
took p lace  fo l lowing  the t i m e  of  Uranus-Neptune oppos i t i on ,  when the  
t h r e e  i n n e r  p l a n e t s  Mercury, Venus and Ea r th  were i n  a l ignment  wi th  
t h e  t w o  o u t e r  p l a n e t s .  The 1917 event  i s  the  f i r s t  f o r  which we  have 
magnet ic  f i e l d  s t r e n g t h  measurements. The 1926 e v e n t s  took p lace  i n  
the  l a r g e s t  spo t  group ever measured be fo re  1946 i n  s o l a r  c y c l e  18. 
The January 1937 even t  was one of  t he  f i r s t  f o r  which a Forbush de- 
crease and s h o r t  wave fade  were observed. 'bus each of t hese  even t s  
can c o n t r i b u t e  uniquely  t o  o u r  understanding o f  the  pro ton  f l a r e  
mechanism. 
. 
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LONG LIVED GIANT SUNSPOTS 
I_- 
1. -_--- 
Long- l i ved  l a r g e  spot  groups a r e  considered a p r e r e q u i s i t e  
f o r  proton f l a r e  a c t i v i t y .  
before  1942 might begin by scanning the list: of  55 l a r g e s t  sunspots  
1874-1954 (Greenwich, 1955). The number of independent s p o t s  i s  
a c t u a l l y  smaller, s i n c e  each passage of a l a rge  sunspot group i s  
l i s t e d .  When r e p e t i t i o n s  are e l imina ted ,  the  l i s t  c o n t a i n s  49 in- 
dependent sunspots .  If s p o t s  a f t e r  1942 are  e l imina ted  (a per iod 
which i s  d iscussed  i n  o t h e r  s e c t i o n s ) ,  t he re  a re  40 remaining sun- 
s p o t s .  Five of  these  spots appeared f o r  only one passage,  and a r e  
t h e r e f o r e  very u n l i k e l y  t o  have produced proton f l a r e s .  A f u r t h e r  
e i g h t  dere  non- f l a r ing  s p o t s  which d i ed  o u t  quickly,  c ros s ing  CMP on 
Oct .  1903, Feb. and J u l y  1905, Mar. 1920, Mar. 1926, and Sept .  1939. 
The remaining 27 a c t i v e  spot  groups (Table 9)  have a cur ious  d i s t r i -  
bu t ion .  Almost h a l f  (48%) (13) occurred du r ing  cyc le  17,  and f i v e  
du r ing  c y c l e  13. 
a c t i v e  s p o t s ,  a f t e r  on ly  two c r i t e r i a  a r e  appl ied :  spo t  s i z e  and 
l i f e t i m e .  Appl ica t ion  of o t h e r  c r i t e r i a  - magnetic c l a s s ,  a c t i v e  
long i tudes  penumbral a r e a ,  e t c . ,  would e l i m i n a t e  some of t hese .  
Even s p o t s  with areas >750 m i l l i o n t h s  (Table 6 )  a r e  rare indeed be- 
f o r e  cyc le  1 7 .  I f  the supplemental  l i s t  of geomagnetic s torms,  
1840-1874 is s c r u t i n i z e d ,  one can d i scove r  a few o the r  major spo t  
groups (Table 7 ) .  Never the less  the t o t a l  number s t i l l  remains 
amazingly small. 
A search f o r  pos’sible proton f l a r e s  
The remaining c y c l e s  have an average of  only 2% 
18 
Ta'ble 5. Recurrent Large Sunspots,  Cycles 12-17 from L i s t  o f  55 
Largest Srinspots, 1874- 1954. (Greenwich, 1955).  
CYCLE -
12 
- 
13 
14 
- 
15 
16  
17 
- 
YEAR CMP DATE 
1882 Apr 1 9 . 1  
Nov 18.8 
1892 Feb 11.9 
J u l  10.2 
1893 Aug 7.4 
1897 J a n  9 . 4  
1898 Sep 9 . 2  
~~ 
1905 Oct 20.2 
1907 Feb 12.4 
! Jun 19.7 
1908 Aug 31.2 
1917 Fed 7.5 
Aug 10.2 
~ ~~ ~ ~~ 
1926 J a n  24.5 
Sep 19.7 
1929 Nov 3.7 
1935 Dec 2.2 
1937 Jan 31.1 
Apr 24.7 
J u l  28.8 
O c t  4.4 
1938 J a n  18.4 
J u l  15.1 
O c t  11.9 
Nov 10.8 
1939 Sep 10.4 
1940 Jan 5.5 
1941 Sep 16.9 
1942 Feb 28.8 
INTERV. 
From Rm 
- 1 . 6  
- 1.0 
-2.0 
- 1.6 
- 0 . 5  
+2.9 
+4.6 
- 1.2 
+o. 1 
+0.5 
+l. 7 
-_I 
-0.5 
0.0 
~~ 
- 2 . 3  
- 1 .7  
+1.2 
+1.5 
-0.3 
-0.1 
-50.2 
+0.4 
+0.6 
+1.1 
+1.4 
+1.5 
+2.3 
+2.6 
+4.3 
+4.8 
M A X .  UMBRA 
AREA RATIO 
2123 .158 
2425 .211 
3038 .172 
2387 .153 
2621 .161  
2743 .161 
2235 .161 
2995 .095 
2555 ,152 
2072 .152 
1519 .137 
3590 .146 
3178 .136 
3716 .159 
2142 .172 
2003 .166 
2435 .172 
2364 .146 
2474 .174 
3303 .159 
3340 .146 
3627 .176 
3379 .147 
3003 .133 
2245 .174 
3034 .164 
2860 .207 
3038 .148 
2048 .191 
LONG. LAT 
64.7' -28.5 '  
121.0 +19.2 
255.7 -28.2 
83.4 +11.1 
292.6 -17 .6  
342.2 - 6 .8  
239.1 - 1 2 . 1  
161.9 +13.8 
306.2 -16 .6  
65.6 -14.4 
35.2 + 6.6 
9.0 -16.0 
129.2 +16.2 
35.0 4-20.0 
129.4 +24.1 
189.3 +14.8 
~ ~~ 
55.2 -25.5 
196.3 -10 .1  
173.9 +19.5 
356.1 +31.5 
182.3 + 9 . 3  
225.1 +17.1 
39.8 - 1 2 . 1  
305.7 +17.0 
272.0 - 8 . 5  
224.1 -13.8 
120.2 +10.5 
210.0 +11.6 
197.1 + 7.0 
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Table 6. Number of Sunspots with Areas >750 M i l l i o n t h s  
du r ing  S o l a r  Cycles  12  t h r u  18 (Greenwich, 2955) 
CYCLE 
8 
9 
-- 
CYCLE 
YEAR DATE,CMP I.b?IIZRV. fran Wn AREA 
1842 Jul 1 +5.3 1500 
1847 Sep 1gX -0.4 3000 
O c t  23x -0 .3  2 700 
Dec 16 -0.1 1000 
1848 Feb 20 0.0 1000 
12 
13 
14 
15 
16 
1 7  
18 
~ 
10 
11 
A >750 A >lo00 A >1500 A >2000 A >2500 
~ 
~ 
~- ~ ~~ _ ~ _ ~  ____ _- ~~ 
1859 Aug 3lX -0.4 2 300 
1860 Aug 8 +o.5 2000 
Sep 4 +o.6 1300 
1866 Feb 18 +6.0 1700 
1870 Sep 21 +o. 1 1700 
- 
Sep 25 +0.1 1200 
1871 Aug 20 +1.0 1250 
69 40 11 4 0 
85 46 1 7  7 3 
68 35 15 7 4 
66 46 15  4 3 
93 60 1 7  4 3 
123  79 31 17 8 
155 92 37 18 a 
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11. PROMN EVENTS BEFORE 1900 - 
Severa l  noteworthy observat ions of major s o l a r  f l a r e s  before  
t h i s  time a r e  worthy of s t u d y .  Since f l a r e s  occur  p r e f e r e n t i a l l y  
i n  g i a n t  spo t  groups,  the e a r l i e r  obse rva t ions  a r e  b e t t e r  than might 
o the rwise  be the case .  Re l i ab le  d a t a ,  i n c l u d i n g  photographs and /o r  
d e t a i l e d  surispot drawings,  are a v a i l a b l e  f o r  t he  fol lowing f l a r e  
e v e n t s ,  l i s t e d  with t h e i r  observers:  
1 Sep 1859 - Car r ing ton ,  Hodgson (Hale, 1931) ( B a r t e l s ,  1937) 
28  Sep 1870 - Young (Lockyer, 1874) 
18, 20 ,  21 Nov 1882 - Maunder (Newton, 1943) 
11, 15 J u l  1892 - Rudeaux (Larousse,  1959) (Hale, 1931). 
P l a n e t a r y  con junc t ions  preceding t h e  proton a c t i v e  c e n t e r s  a r e  
given i n  Table 8.  
Geomagnetic c r o c h e t  measurements were obtained on th ree  of 
t h e s e  e v e n t s  (Newton, 1943). I n  both the 1859 and 1892 c a s e s ,  the 
c r o c h e t  maximum followed the white l i g h t  f l a r e  maximum (Newton, 1943),  
8 c h a r a c t e r i s t i c  of proton f l a r e s .  The 2 1  Nov 1882 f l a r e  was accom- 
panied by a c r o c h e t  which preceded the  f l a r e  maximum. 
A s t i l l  e a r l i e r  per iod may be i n v e s t i g a t e d  u s i n g  the supplement 
t o  Ca ta log  I: L i s t  of Great Storms recorded a t  Greenwich 1840-1874 
(Greenwich, 1955). A l l  sunspot groups with a r e a s  >lo00 m i l l i o n t h s  i n  
the l i s t  have been included i n  Table 7. 
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Table 8. P l a n e t a r y  Conjunct ions P r i o r  t o  Pro ton  Events  qf  1859, 
1870, 1882 and 1892. (American Ephemeris, 1882. 1892) 
EVENTS - 
1 SeP 
1859 
. 
28 Sep 
1870 
18.20 
2 1  Nov 
1882 
* 
11,15  
J u  1 
1892 
(Stahlman and Ginger lch ,  1963). 
CONJ. DATE PLANETS W N G I  TUDE 
Jun 26 Mercury J u p i t e r  (Earth)  9 7O( 27 7O) 
J u l  23 Venus J u p i t e r  279O (99') 
Aug 18 Venus (Mars Saturn)  316O (1 36O) 
Sep 1 Mercury Venus E a r t h  Neptune 341° 
Jun  3 Mercury E a r t h  
J u l  6 Mercury Venus 
J u l  12 Mercury J u p i t e r  
Aug 16  Venus J u p i t e r  
253O 
33O 
66' 
68' 
~- ~~ 
O c t  11 Mercury Venus 346' 
O c t  22 Mercury E a r t h  L - 121' 3 3 O  
Oct 26 Mercury Sa turn  Neptune 5 5 O  
* 
O c t  29 Mercury J u p i t e r  78' 
Apr 18 Mercury E a r t h  Uranus 207' 
May 9 Venus Sa turn  ( J u p i t e r )  192O (12') 
Sun 4 Mercury J u p i t e r  13' 
Jun  16 Mercury Neptune (Venus) 
J u l  4 Venus E a r t h  Mars 287' 
7 2' ( 2 5 2') 
. 
* 
A c t i v e  solar l o n g i t u d e ,  see Table 1 f o r  sunspot  d a t a  
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111. PRO?T)N EVENT OF 10 SEPTgMBER 1908 
The a c t i v e  c e n t e r  of September 1908 was observed v i s u a l l y ,  
pho tograph ica l ly  and s p e c t r o s c o p i c a l l y  i n  the wavelength of calcium 
and Ho (Hale, 1931). The f e a t u r e s  observed on the sun were: 
1. Gian t  Sunspot Groups - s e v e r a l  groups were involved i n  
the  f l a r e  which crossed the  s o l a r  equator .  The maximum 
a r e a  a t  S 5.6' was 568 m i l l i o n t h s  of the s o l a r  hemisphere, 
and a t  N 12O the a r e a  a s  1121 m i l l i o n t h s ,  making a t o t a l  
of 1689 m i l l i o n t h s .  The average Carr ington longi tude 
was 270 , which was an a c t i v e  longi tude i n  cyc le  14 f o r  
the no r the rn  hemisphere (Vit insky 1965) and poss ib ly  a t  
low l a t i t u d e s  f o r  t he  south.  
0 
2. Ha F l a r e  - began i n  the southern spo t  and s t r e t c h e d  t o  
the n o r t h  i n  two branches. Three spec t roscop ic  photo- 
graphs were taken i n  sequence a t  Yerkes Observatory.  
3. v a g n e t i c  F i e l d  - was of t he  complex type a s  determined 
by the  sunspot conf igu ra t ion .  Ac tua l  p o l a r i t i e s  and 
f i e l d  s t r e n g t h s  had not y e t  been measured. 
The fol lowing so la r -  t e r r e s t r i a l  e f f e c t  was noted: 
1. t i c  storq! - followed 26 hours  l a te r .  A c roche t  
was n o t  measured for t h i s  event .  
Tn te rDre ta t ion  - Noteworthy i s  t h e  succession o f  fou r  con junc t ions  
i n v o l v i n g  3 o r  more p l a n e t s  each (Fig. 1). The spo t  group developed 
r a p i d l y  fol lowing the  f i v e  planet  conjunct ion of Mercury, Venus, E a r t h  
and  Uranus i n  oppos i t i on  t o  Neptune, and reached a n  area of 10'70 
m i l l i o n t h s  on i t s  August passage. The two months preceding the event  
w i tnes sed  r a p i d  changes i n  p l ane ta ry  t i d a l  fo rce .  (Bo l l inge r ,  1960.) 
'Ihe t i d e  r o s e  from a minimum of 3195 u n i t s  on 1 June 1908 t o  a maxi- 
mum of 6136 u n i t s  on 27 Ju ly ,  followed by a d i p  t o  5267 on 4 August 
and a rise t o  6448 on 12 August. A long s t e e p  d e c l i n e  followed t o  a 
v a l u e  of 3559 on 2 1  September. 
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pRm EVENT OF 9 AUGUST 1917 
I n  the  middle of J u l y  1917 a l a r g e  reg ion  developed a t  N 18' 
and Carr ington  longi tude  Lo 
the  spo t  group had a maximum a rea  of 1412 m i l l i o n t h s .  
passage the  fo l lowing  f e a t u r e s  were noted: 
130'. On the  f i r s t  passage i n  J u l y  
On the  August 
1. Giant  Sunspot Group. The maximum a r e a  dur ing  the  August 
passage was 3178 m i l l i o n t h s ,  the  l a r g e s t  spot  group eve r  
measured up to  t h a t  time a t  Greenwich, wi th  the  except ion 
of t he  February 1892 spot. 
2.  Ha F1 a r e s .  
Photos show the  f lare c ross ing  between umbrae o f  
oppos i t e  p o l a r i t i e s  within the main penumbra ( the  d e l t a  
conf igura t ion)  on 9 August; the umbrae were l a r g e l y  
covered by t h e  spreading f l a r e .  Umbral coverage has  
been noted as  a condi t ion  f o r  proton emission. 
Major f l a r e s  occurred on 8 and 9 August. 
3. Magnetic F i e l d s  - of up t o  N-2900 and S-3300 gauss  were found i n  
the  flr group (Hale, Ellerman, Nicholson and Joy ,  1919). 
The fo l lowing  so la r -  t e r r e s t r i a l  e f f e c t s  were noted:  
1. Geomagnetic Storms - were recorded on 9 ' a n d  13 August. 
I n t e r p r e t a t i o n .  
on 16 May of Mercury and Ear th ,  on 4 J u l y  e t r i p l e  conjunct ion of Mercury, 
Mars and J u p i t e r ,  and f i n a l l y  on the 28th of J u l y  a conjunct ion  of  Mercury 
and Venus (Fig.  2). 
duced the f l a r e s  was oppos i te  (180' degrees  away) the  t r i p l e  conjunct ion  
on 4 Ju ly .  I n  terms of the  Boll inger  p l ane ta ry  t i d a l  index, t he re  were 
success ive  maxima of 6314, 5191 and 5176 on 17 May, 4 J u l y  and 13 August, 
and minima of 4350 and 4198 on 18 June and 20 August (Bol l inger ,  1960). 
On 8May  the re  was a conjunct ion  of Venus and J u p i t e r ;  
f i e  Carrington s o l a r  longi tude  L = 230' which pro- 
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Fig. 2 P l a n e t a r y  Conf igu ra t ion  One Month P r i o r  
t o  P ro ton  Event of 9 August 1917 
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V. PROTDN EVENT OF 25 JANUARY 1926 
The s i x t h  l a r g e s t  spo t  group eve r  recorded a t  Greenwich was 
observed i n  January 1926. It was the l a r g e s t  sunspot measured up 
t o  t h a t  time. During the December 1925 passage the spo t  had a l r e a d y  
reached an a r e a  of 2934 m i l l i o n t h s .  The f e a t u r e s  observed on the 
sun du r ing  the January passage were a s  follows: 
1. Giant  Sunspot Group - the N 20° sunspot reached a 
maximum a r e a  of 3716 m i l l i o n t h s  with a very l a r g e  
b r i g h t  plage (d'Azambija, 1926). 
2 .  Carrington Longitude - t he  longi tude 35' i s  one of 
t h ree  s t a b l e  a c t i v e  c e n t e r s  i n  the s u n ' s  n o r t h e r n  
hemisphere (Vi t in sky ,  1965). However, e a r l y  i n  the 
11 year  cyc le2spo t s  a r e  u s u a l l y  a t  such high l a t i t u d e s  
t h a t  only the longi tude region from 180-220' i s  u s u a l l y  
the l o c a t i o n  i n  e a r l y  a c t i v e  c e n t e r s ,  a s  h a s  been the 
case  f o r  the J u l y  1946, February 1956, and J u l y  1966 
even t s .  
3. H a  F l a r e s  - on 24, 25 January and 22 February were 
abserved v i s u a l l y ,  photographical ly  and s p e c t r o s c o p  ' 
i c a l l y  i n  calcium and Ha wavelengths. The f i r s t  two 
had the l a r g e s t  a r e a s  for  f l a r e s  i n  h i s t o r i c a l  r eco rds :  
11,000 and 10,000 m i l l i o n t h s .  'Ihe t h i r d  on 22 Feb 
l a s t e d  f o r  7 h o u r i .  
4. Sunspot M a m e t i c  F i e l d s  - were c i a s s i f i e d  as  gV. t he  
major spo t  penumbra enclosed two l a r g e  umbrae of 
oppos i t e  p o l a r i t y  (de l t a  conf igu ra t ion )  and a l l  t h r e e  
f l a r e s  covered t h e  umbrae. F i e l d s  ranged up t o  3000 
gauss.  
The' fol lowing so la r -  terrestr ia l  e f f e c t s  were noted: 
1. Great Magnetic Storms - sudden commencements began 48, 
24 and 37 hours  a f t e r  t h e  January and the  February 
f l a r e s .  The second was the most i n t e n s e  i n  f i v e  y e a r s ,  
r e s u l t i n g  i n  b r i l l i a n t  au ro ra .  
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I n t e r p r e t a t i o n .  
and J u p i t e r  (Fig. 3); on 11 November a conjunct ion  of Nercury and 
J u p i t e r ,  on 3 December a Mercury-Venus conjunct ion ,  and f i n a l l y  
11 December a conjunct ion  of Mercury and Ea r th ,  a t  which time the  
a c t i v e  long i tude  L 
The spot  group developed r a p i d l y  and was of ou t s t and ing  s i z e  on 
the December passage (CMP-28.6 December). A t r i p l e  conjunct ion  
of Mercury, Mars and Saturn took p l ace  on 14 January.  
Bol l inger  p l ane ta ry  t i d e  index,  t h e r e  was a maximum of 6510 on 
20 Sept. 1925 followed by a p l a t e a u  a t  4500-4600 l a s t i n g  from 
14 Oct  t o  15 Nov. A minimum of 3455 on 1 Dec was followed by a 
rap id  rise t o  a maxirnum of 5696 on 17  Dec and a minimum of  5230 
on 2 Jan 1926. 
On 6 Octobkr there was a conjunct$on of Venus 
= 35' was oppos i t e  from Mercury and Ear th .  
Using the 
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Fig .  3 Planetary Configuration One Month Prior 
to Proton Event of 26 January 1926 
\ O0 
DATE PLANETS WNGI TUDE 
Oct 6 Venu s Jupiter 297' 
Nov 9 Earth Saturn 50°, 230' 
Nov 11 Mercury Jupiter 298' 
Nov 13 Venus Uranus 355O 
Nov 26 Mercury Uranus 355O 
Dec 3 Mercury Venus 25' 
Dec 11 Mercury Earth 7 6' 
Dec 17 Mercury Jupiter 120°, 300' 
Jan 14 Mercury Mars Sa turn 230' 
Jan 25 Earth Jupiter 124O, 304' 
29 
* V I  PROION EVENT OF 24 JANUARY 1938 
Although t h e  a c t i v e  cen te r  i t s e l f  was no t  seen u n t i l  
December there  had been e c t i v i t y  i n  neighboring cen te r s  s ince 
October. 
CXP and then faded, probably t o  merge with the nascent center  
forming a t  N 1 7 O  and L 
11 January (d 'Azambuja , 1937,  1938). Features  observed included: 
On 21 Dec a la rge  plage a t  N 26O and L = 240' crossed 
0 225 ~ which appeared a t  East limb on 
1. Giant Sunspot Group - reach i t s  maximum area  three 
days a f t e r  CMP. It was the 7th in  order  of s i z e  in  
the Greenwich ca ta log .  
2 .  Ha, Flares  - were observed on 1 4 ,  20 and 24 January.  
3. Sunspot Magnetic F ie lds  - the  sunspot type was complex 
(y), with f i e l d s  of up t o  3600 gauss. 
The following so lar -  t e r r e s t r i a l  e f f e c t s  were noted: 
1. Short  Wave Fadeout 
2 .  Polar  Cap Absorption on 16 January (Svetska, BAC, 1966) 
3 .  Magnetic Storm - one of the 11 g r e a t e s t  storms followed 
the  24 J a n  f l a r e  by 29 hours. 
the t r o p i c s  and both the northern and southern hemisphere. 
Aurora were v i s i b l e  i n  
4 .  Forbush Decrease - of 69. took place on 14 Jan ,  following 
a f l a r e  on the eas t e rn  hemisphere (Forbush, 1938). 
I n t e r p r e t a t i o n .  The a c t i v e  longi tude was in  alignment with the 30 
Nov conjunction of Mercury and J u p i t e r ,  with the 26 December con- 
junc t ion  of Mercury and Venus, the 30 December conjunction of Mercury 
and Earth and the 3 January conjunction of Mercury and J u p i t e r .  
Bollinger planetary t i d e  index had the following valuest  maxima of 
6454 and 6566 on 7 October and 3 January; and minima of 3846 and 5630 
on 2 December snd 27 January.  There was a very steep r ise in  t i d a l  
force from 18 December through 3 January. 
The 
, I 
0 Pluto 
1800 0 Noptune 
Fig. 4 Planetary Configuration One Month Prior 
to  Proton Event of 24 January 1938 
. 
DATE 
Oct 7 
Nov 4 
Nov 30 
Dec 16 
Dec 26 
Dec 30 
Jan 3- 4 
Jan 12 
PLANETS LONGITUDE 
Mercury 'Venus (Jupiter) 120' (300') 
Mercury (Earth Uranus) 226' (46') 
Mercury Jupiter 304' 
Mercury Sa turn loo  
Mercury Venus 
Mercury Earth 
Mercury Jupiter 
Mercury Neptune 
73O, 253' 
98' 
130°, 310' 
168' 
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CONCLIJSION S 
It i s  poss ib l e  t o  e s t a b l i s h  evidence f o r  one o r  more proton 
f l a r e s  i n  every s o l a r  cyc le  from 10 through 20,  d e s p i t e  changes i n  
peak sunspot number and the  propor t ion  of l a r g e  sunspots ,  and the 
l imited amount of ea r l i e r  s o l a r  observa t ion .  Even i n  cyc le  18 only 
3 t o  5 proton even t s  were de tec ted  r e g a r d l e s s  of the p r o l i f e r a t i o n  
of monitoring techniques and obse rva to r i e s .  
al though l imi ted  t o  o p t i c a l  methods, s t i l l  provided coverage of a 
The e a r l i e r  obse rva t ions ,  
l a r g e  f r a c t i o n  of the major events .  
Act ive c e n t e r s  i n  ea r l i e r  c y c l e s  are of  g r e a t  importance 
f o r  long range f o r e c a s t i n g  of f u t u r e  s o l a r  a c t i v i t y .  The span from 
cyc le  10 t o  20 covers  more than one secu la r  90-year s o l a r  cyc le .  
A t  some t i m e  i t  may be poss ib l e  t o  i n v e s t i g a t e  the  d i s t r i b u t i o n  of 
la rgesunspots  back t o  1826, when Schwabe began systematic  spot  
counts, bu t  f l a r e s  a s  such were probably n o t  known before  1859. 
Events of e a r l y  c y c l e s  occur  a f t e r  sequences of conjunct ions  
of the p l a n e t s  Mercury, Venus, Ear th  and J u p i t e r .  Occasional ly  
o t h e r  p l ane t s  a re  involved i f  conjunct ions  of more than two p lane t s  
occur.  During the two month per iod preceding major s o l a r  even t s ,  
the number of  conjunct ions  of t h e  four  t i d a l  p l a n e t s  i s  2 or 3 
times the  average f o r  a two month per iod.  The concent ra t ion  of 
conjunct ions i s  d e f i n i t e l y  non-random before  the s o l a r  events .  
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5. MAJOR EVENTS: 1942-1951 
5 .  MAJOR EVENTS: 1942-1951 
A variety of indirect  observations of solar  par t ic le  events a r e  
available for over a century.  Geomagnetic crochets  and s t o r m  sudden 
commencements were  recorded at  Greenwich a s  ear ly  a s  1840, and a t  
Slutsk-Pavlovsk f rom 1878, and a t  Abinger, Huancayo, and Watheroo 
f r o m  1882 to the present .  
g rea t  white light f la re  of 1 September 1859 observed by Carr ington and 
Modgson. 
Optical observations of f l a r e s  date f r o m  the 
Nevertheless,  the quantity and reliability of data concerning 
so lar  par t ic le  events took a sudden quantum jump in 1942 when ground 
level events (GLE) and solar  radio emission f rom f l a re s  were  f i r s t  
noted. Therefore ,  the catalog of events begins at that t ime,  with occa- 
sional references to his tor ical  great f la res  with comparable planetary 
configurations . 
Estimation of atmospheric density changes f rom so lar  proton 
events requi res  only a study of the few la rges t  cen ters  and events.  
catalog of the 30 major  events in  cycle 19 (McDonald, 1963) shows that 
they occurred  in only 16 diff2rent active centers .  
of the cycle, this tendency was even m o r e  pronounced, for 18 separate  
events were  associated with only five active centers .  
produced over 90% of the particle emission during the s ix  year  period 
1956-1961. Therefore ,  the study of solar  activity f r o m  1942-1951 has 
concentrated on the most  active centers .  
A 
During the la t ter  half 
Four  active centers  
Planetary effects on solar activity a r e  discussed three  ways in 
most  cases :  (1) The maximum tidal and j e rk  ( r a t e  of change of so la r  
acceleration) values preceding proton events, calculated on conjunction 
dates;  (2)  Maximum ra tes  of change of tidal force  and (3) Dates and types 
of planetary conjunctions two and three  months preceding proton events'. 
In the la t ter  case ,  an attempt is  made to t r ace  the cause of the active 
center ,  and la ter  the configuration which t r iggers  the proton event, 
\ 
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PROTON EVENTS O F  28 FEBRUARY, 7 MARCH 1942 
T h e  ground level  event  (GLE)  of 2.8 F e b r u a r y  1942 w a s  an out -  
standing event ,  resu l t ing  in  the d iscovery  of c o s m i c  r a y  e m i s s i o n  f r o m  
the s u n  and solar  r a d i o  b u r s t s .  The  events  o b s e r v e d  on the sun w e r e :  
--- - _-.- _- .-I-_ --_. I. 
1. 
2.  
3 .  
Giant Sunspot Group - the m a x i m u m  a r e a  w a s  2048 mil l ionths  
of the s o l a r  h e m i s p h e r e s  (Greenwich,  
Car r ington  longitude 190" .  
1955), located a t  ac t ive  
H aFlare - the l ine width m e a s u r e d  3 0  minutes  a f t e r  the peak 
was double the n o r m a l  l ine width. Two n a r r o w  f i laments  
m e r g e d  to  a "Y'l configuration, s i n c e  then found typical  of 
proton f l a r e s .  
Sunspot Magnetic F ie ld  - w a s  the complex ( y )  type with field 
s t rengths  of 5100 and 3800 gauss .  The  f o r m e r  was  the 
highest e v e r  r e c o r d e d  to  that time a t  Mt. Wilson 
(Ellison e t  a l . ,  1961). 
T h e  following s o l a r - t e r r e s t r i a l  effects  w e r e  detected:  
1. 
2. 
3 .  
4 .  
5. 
6 .  
Radio Fade-out  (indicating X - r a y  e m i s s i o n )  was  observed  on 
a l l  channels  5-20 Mc/s ,  and p e r s i s t e d  for eight h o u r s ,  a n  
abnormal ly  long per iod for a Shor t  WaveFade (SWF) .  
Magnetic C r o c h e t ,  s imultaneous with the beginning of the 
S W F .  also indicating X - r a y  e m i s s i o n .  
Radio Noise .- a b u r s t  l o 5  times the calculated blackbody 
radiation led  t o  the d iscovery  of nonthermal  rad io  e m i s s i o n  
f rom the sun  (Hey, 1946). 
- . -- 
Cosmic Rays - the first r e c o r d e d  b u r s t  of s o l a r  re la t iv i s t ic  
partic:ItTs nt groiin1 level  r a i s e d  the c osmic r a y  level above 
norrrial :at the followirg s ta t ions Godhavn (13%), Cheltenham 
(7'700) and C h r i s t c h u r c h  (570) ( F o r b u s h ,  1946). 
I . - _ - . - .  - 
Forbush  Decrease  - an  11% d e c r e a s e  o c c u r r e d  on 1 M a r c h  
(Forbush ,  1946). 
_ _  - - . --_ - .-_- 
Great  Magnetic S t o r x  - a sudden commencement  (SC) geo- 
magnetic s t o r m  began 19-1/2 h o u r s  l a t e r ,  f e a t u r e d  by giant 
pulsations and las t ing t h r e e  days .  
---- -------- 
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Fur the r  observations and measurements  on this outstanding event and the 
7 March event f rom the same sunspot group can be found in the extelisive 
l i t e ra ture  on the subject.  
Interpretation. The 1942 events, although 4. 6 years  la te r  than the peak 
of the 11 year cycle, occur red  soon af te r  a maximum in the so l a r  velocity 
function (F igure  3 ,  K .  D. Wood, 1968) (the highest during thif century).  
Similarly, the highest value in 50 yea r s  of the seven-planet t i d a l  fo rce  
occurred  in 1941 (Bollinger, 1960) (Takahashi, 1968). The two months 
preceding the events witnessed rapid changes in planetary tidal fo rce  
f r o m  a maximum of 6191 units on 29 December 1941, to  a minimum of 
5433 units on 14 January 1942, followed by a r i s e  to 6571 on 30 J:.nuary, 
and a rapid decline to  3415 on 23 Februa ry  1942, (Bollinger,l960; ( see  
Tables  9 andlo). 
Noteworthy i s  the grouping of Mars ,  Jupi ter ,  Saturn and Uranus (with 
Jupiter a t  the longitude of maximum sunspot effect); and the grouping of 
Mercury,  Venus and the Earth approximately in quadrature to Saturn and 
Uramus. The 
configuration is s imi la r  to the planetary arrangements  a t  the time of the 
first solar  flare ever  observed, Carr ington 's  grea t  white light f l a r e  of 
1 September 1859. At that time Jupi ter  was also a t  the 100" longitude of 
maximum sunspot effect, and Mercury, Venus and Earth were  grouped 
nea r  0 "  longitude. 
The planetary configuration is shown in F igure  5. 
Dates of planetary conjunction a r e  given below Figure  5. 
J 
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T A B L E  9. E n e r g y  S p e c t r u m  (Rig id i ty)  of Ground Level  Eventij  O v e r  
25 Y e a r  P e r i o d ,  C o m p a r e d  t o  Max imum T i d a l  F o r c e s  and Max imum 
Rate of Change of S o l a r  Acce le ra t ion  ( J e r k ) .  
T ide  Values  f r o m  K. D. Wood, 1968. Rigid i t ies  f r o m  
Lockwood, 1968 and C a r m i c h a e l ,  1962. 
J e r k  and  
Rigidi ty  
T ide  
J a n u a r y  28 , 1967 600 5 .73  5. 65  
F e b r u a r y  23, 1956 195 5 .73  5 .  6 5  
F e b r u a r y  23, 1942 - -  4 . 6 6  4. 60  
-- GL,E Date  ( M v )  J e r k  
November  19, 1949 - -  4.  66 4. 60  
November  12, 1960 127 4 . 5 7  3. 05 
Ju ly  18, 1961 
Ju ly  10 ,  1959 
Ju ly  25,  1946 
102 3 .47  4 . 5 3  
104 3 . 4 7  4 . 4 2  
- -  3 .47  4 . 4 2  
T A B L E  IO. Da te s  and  Values  of High Ra te  of Change of Seven-P lane t  
T ida l  F o r c e  (dT/d t )  (Bo l l inge r ,  1960) During S o l a r  C y c l e s  
17 and 18, fol lowed in L a s t  Column by Dates  of P r o t o n  E v e n t s  
(Svetska,  1966). Under l ined  Even t s  are  Ground  Leve l  
Even t s  D i s c u s s e d  in T h i s  R e p o r t .  
Year  Date dT/d t  E v e n t  
F e b r u a r y 4  - 20 - 1 . 0 3  F e b r u a r y  26 
J u l y  14 - 30 1 . 0  S e p t e m b e r  18 
1941 May 11 - 27 - 1 . 1 3  Ju ly  3 
F e b r u a r y  1 - 23 - 1. 33 F e b r u a r y  28 
Ju ly  17 - 25 1 .88  Sol. Min 
F e b r u a r y  1 - 26 1 . 0  M a r c h  27 
Aiigust 21 - 30 1 . 3 3  S e p t e m b e r  2 1  
1942 
1946 June  2 - 10 1 . 0  J u l y  26 
J a n u a r y  17 - 25 1 .75  J a n u a r y  23 
A p r i l  15 - 23 2. 13 May 8 
Ju ly  20 - 30 - 1 . 0 6  August  3 
Octobe r  24 - 30 - 1 . 1 3  November  19 
1949 
I 
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Figure  5 .  Plane tary  Configuration One Month P r i o r  to the 
Proton Events of 28 Februa ry ,  7 March 1942 
(Arne r ican Ephemer is )  
Date* 
Dec 8 
Dec 30 
Jan  2-7 
Jan  27 
Jan  31 
Feb  3 
Jan  31 
F e b  2 
F e b  9 
F e b  1 1  
F e b  18 
F e b  27 
Planets 
E a r t h  Jupi ter  
Venus Jupi ter  
Mercury Saturn 
Mercury Uranus 
Mercury  M a r s  
Mercury Jupi ter  
M a r s  Jupi ter  
Venus E a r t h  
Mercury E a r t h  
Mercury Venus 
Mercury Neptune 
Saturn Uranus 
Loneitude 
76" 
78"  
57 " 
59 O 
79" 
81" 
81" 
134" 
140" 
148" 
178" 
59 " 
*Dates of lesser importance are indented. 
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11. PROTON EVENT O F  25 JIJ L Y  1946 
The events observed on the sun during the 2 5  July 1946 G L E  w e r e  
as follows 
1.  
2. 
3 .  
4 .  
5. 
Giant Sunspot Group - the max imum a r e a  was  4 7 2 0  mi l -  
l ionths;  a reappearance  of a giant spot seen  at  cen t ra l  
mer id ian  passage (CMP)  on 6 Februa ry  through 2 May 
(El l ison e t  a l . ,  1961). 
Carr ington Longitude - the act ive longitude 190" was again 
the s i te  of a proton f la re  ( G u s s ,  1964) (Warwick, 1965) 
(Haurwit z .  1968). 
H a F l a r e  - the line width was 15w and showed a very  rapid 
r i s e  to  maximum brightness of 30070 of the continuum. 
paral le l  bright f i laments r a n  between the N and S spots .  
Two 
White Light F l a r e  - 1070 enhancement over  the conti:-irium, 
now considered to be indicative of a n  X- ray  f la re .  
Sunspot Magnetic Field - - classif ied as ( p y )  but a l l  thc: N poles 
were  collected a t  one end and the S poles a t  the other .  F ie lds  
ranged up to 4000 gauss .  
The following s o l a r - t e r r e s t r i a l  effects were  noted: 
1. 
2. 
3 .  
4 .  
S .  
b .  
Radio Fade -ou t  las ted  5-1/2 hours  (X- ray  emiss ion) .  
Magnetic Crochet  recorded  a t  3 stat ions (X- ray  emiss ion) .  
Radio Noise a t  4. 7 and 4. 2 m e t e r s ,  exceeded lo8  t imes  the 
blackbody values.  
Cosmic  Rays - re lat ivis t ic  protons were  recorded  to be 2 L I r 0  
(CheJtenham) and 1870 (Mt .  Wilson) above steady s ta te  values.  
Forhiish Decrease  of 770 las ted for 10 d a y s .  
- Great  Magnetic S t o r m  - a sudden commencement  began 26. 3 
hours  l a t e r .  
4 0  
Interpretat ion.  
cyc le ,  and as such,  r e sembles  the F e b r u a r y  1956 event with i t s  high 
solar lati tude and an  act ive center  producing a single isolated l a rge  
event.  On the other  hand, the conjunctions preceding the July 1946 
event far m o r e  r e semble  the conjunctions preceding the July 1959 
multiple events .  
and Venus (F igu re  6 ) ;  on 29  June a conjunction of M e r c u r y  and Jup i t e r ,  
and finally on 12 July a conjunction of Venus and Jup i t e r ,  with E a r t h  and 
Sa tu rn  in  quadra ture .  The Ca:-rington active longitude 190" which pro-  
duced the proton event was approximately in  line with the Mercury-Venus 
conjunction on 19 June. 
conjunction, the act ive longitude was  a t  r ight angles ,  approximately in 
l ine with the Earth-Saturn opposition. On 12 J u l y ,  the date of the Venus- 
Jupi ter  conjunction, the act ive so la r  longitude had made half a revolu-  
tion and was  again in line with the Ear th-Sa turn  l ine,  and in  quadra ture  
with the Jupi ter-Venus conjunction. The  mass ive  spot group then was  
f i r s t  s een  f r o m  the c:arth a t  ea s t  l imb on 19 July,  a f t e r  which i t  g rew in  
s i z e  for ten days to a max imum area of 4720 mil l ionths ,  the th i rd  
l a rges t  spot  group ever recorded a t  Greenwich ( Jones ,  1955). In  t e r m s  
of the Bollinger planetary t idal  index, t he re  w e r e  success ive  min ima  on 
9 May, 10 June and 28 July and maxima on 25 May and 26  June (tabulated 
eve ry  eight days) .  
The J u l y  1946 event came a t  the beginning of the 18th 
On 19 June 1946 there was  a conjunction of Mercury  
At the t ime of the 2 9  June Mercury-Jupi te r  
41 
Jupi 
F i g u r e  6. P l a n e t a r y  C o n f i g u r a t i o n s  O n e  Month P r i o r  t o  P r o t o n  
E v e n t  of 2 S  J u l y  1946 
Date  P l a n e t s  Longi tude  -- 
Jun 19 M e r c i i r y  V e n u s  170" 
J u n  2 5  V e n u s  M a r s  185" 
J u n  28 V e n u s  Nep tune  187"  
Jun 29 Me  r c u r y J u  p it e r 208" 
J u n  30 M a r s  N e p t u n e  187" 
Jill 12 V e n u s  J u p i t e r  209"  
.. 
111. PROTON - E V E N T  O F  19 NOVEMBER 1149 
The events observed on the sun during the 1 9  November 1949 
event were  as follaws: 
1 .  
2 .  
3 .  
4.  
5 .  
Large Sunspot Group of maximum a r e a  1280 millionths on 
i ts  second passage.  A southern spot, the Carr ington 
longitude was 11 5 O ,  conforming to one of the active longitudes 
(Vitinsky, 1965), although l e s s  is known about the southern 
active longitudes as related to  proton events because of the 
excessive northern activity of the last few cycles .  
I 
H a Flare - the maximum line width was 2 2 .  SA, the largest  
maximum measured  pr ior  to 15 November 1960. 
White Light F l a r e .  
(X-ray  f l a r e ) .  
8'70 enhancement of the continuum 
Sunspot Magnetic Field;  the peak magnetic field was 2700 
gauss,  and on the day before the spot group was  c lassed  
a s  p, unusual for  a cosmic r a y  f l a r e .  
Hiph Green  Coronal Emissi.on. 
coronal  emission (indicating a tempera ture  of 2 X lo6  degrees  K) 
increased markedly both North and South toward the end of 
the 18th cy-cle (Kiepenheuer, 1957). Proton flares have a 
tendency to occur near a maximum of green coronal  line 
intensity (Gnevyshev and Krivsky, 1966). 
The magnitude of green 
I 
The following so lar - te r res t r ia l  effects were  noted: 
1. 
2. 
3 .  
4.  
Radio Fade -ou t  lasted five hours .  A Sudden Enhancement 
of Atmospherics (SEA) las ted about two hours .  
Magnetic Crochet  was recorded at four stations.  
Radio Noise was recorded a t  73 Mc/s,  158 Mc/s and 
545 Mc/sec;  a t  the lower frequency continuing for an hour .  
Cosmic Rays were  recorded a t  16 ,stations including the 
neutron monitor a t  Manchester,  the f i r s t  t ime so lar  par t ic les  
has  been thus detected. 
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5. N o  Forbush Decrease ,  No Magnetic S torm due to the f l a r e  
location at 70"W so near  to the so l a r  l imb. 
Interpretation. 
previous two, because although the plage was visible on the previous 
rotation (d'Azambuja, 1949), the sunspot region developed suddenly and 
was  observed for  only seven days (Jones,  1955). 
events occur on the second o r  third rotation of a la rge  complex sunspot 
group. 
the eleven year cycle, axid the proton event occur red  on the west limb, 
which placed it optimally for  interception at the ear th ,  because of the 
co-rotation garden hose shape of the interplanetary extension of the sun ' s  
general  magnetic field. 
The interpretation of this  event is m o r e  difficult than the 
Most high energy 
However, it occur red  during the m o s t  f la re  active portion of 
Therefore,  it  is not c l ea r  whether the 6 October conjunction of 
Venus and Jupiter and, the 23 October super ior  conjunction of Mercury  and 
Jupi ter  apply to  the c a s e  in question, (F igure  7 ) .  Nevertheless there  is  
an  increase  in mean daily radio flux on 6 October, (Table 1 1 ) .  
30 October,  a tr iple conjunction of Mercury,  Venus and Saturn occurred 
approximately in line with the Carr ington longitude which produced the 
f l a r e .  
On 
On Bollinger's char t  of the seven-planet tidal force,  one 
observes  a rapid dec rease  f r o m  24 October through 9 November, a t  
which t ime  the plage and latent sunspot region was at the east l imb 
(Table 2) .  
, 
4 4  
TABLE 11. Ottawa 10.7 C I T ~  Radio Flux Daily Means for October, 
November 1949. (Quarterly Bulletin, M U )  Units - lo-'' 
The P a s s a g e s  of %he Active Center Watts/mz ( c / s - ' ) .  
a r e  Shown. and the Date of the Venus, 
Jupiter Conjunction (6 October).  
1949 Date 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
October 
V, J 
Conj 
East 
Limb 
CMP 
West 
Limb 
127 
140 
142 
166 
187 
191 
198 
204 
196 
196 
- -  
185 
172 
163 
163 
148 
131 
127 
123 
125 
129 
- _  
140 
114 
112 
123 
12s  
127 
- -  
129 
November 
East 
Limb 
CMP - 
West 
Limb 
129 
131 
144 
144 
148 - 
- -  
176 
191 
183 
157 
161 
146 
- -  
153 
170 
172 
187 
174 
161 
- -  
133 
131 
133 
144 
146 
146 
135 
146 
- -  
159 
- -  
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Figure 7. 
Date -
Oct 6 
Oct 23 
Oct 30 
Oct 21 
Nov 8 
Nov 19 
Oc' =L Jupiter 
Planetary Configurations One Month Prior to Proton 
Event of 19 November 1949 
Planet Longitude 
Venus 304 " 
Mercury 124" 
Mercury I 160" 
Mercury 196" 
Mars 127" 
Mercury 112" 
Planet 
Jupiter 
Mars 
Jupiter 
Saturn 
Neptune 
Jupiter 
Longitude 
304" 
114" 
305" 
341" 
161" 
195" 
307" 
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CONCLUSIONS 
In o r d e r  t o  es tab l i sh  per iodici t ies  in the Dccurrence of proton 
events ,  i t  is n e c e s s a r y  to  study so lar  f l a r e  effects  over  as long a t ime  
per iod as possible .  
a re  of g r e a t  importance for possible predict ion of future  proton events  
and act ive c e n t e r s .  
The re fo re  the act ive c e n t e r s  of cyc les  17-18 
The  events  of Februa ry -March  1942 or iginated f r o m  a pe r s i s t en t  
act ive cen te r ,  typical  for the late port ion of the 11 -year  cycle.  
planetary configuration preceding the act ivi ty  involved a c lose  conjunc - 
tion of t h r e e  outer  t idal  planets ( Jupi te r ,  Saturn and Uranus) followed 
by a n e a r  t r ip le  conjunction of Mercury,  Venus and Ear th .  
The  
The  25  July 1946 event occur red  at the beginning of cycle 18 
from a non- recu r ren t  cen ter ,  s imi la r  to  the 23 Februa ry  1956 and 
28 Janua ry  1967 events .  Although automatic  monitoring equipment had 
now been widely installed,  no fur ther  high energy  (GLE) events  were  
detected fo r  a 3-1/2 y e a r  per iod a t  the peak of the sunspot cycle until 
19 November 1949. 
The  antecedents  of the 19 November 1949 event r e semble  those 
of the November 1960 events .  
November 1,970, following the tr iple conjunction of Venus, Ea r th  and 
Sa turn  on November 10 - 1 1 in opposition to  Jupi te r  and Neptune. 
Similar  event( s)  are  predicted for  
Comparable to  the Februa ry -March  1942 and July 1961 act ive cen te r s ,  
occur r ing  n e a r  the  t ime  of Jupiter -Saturn conjunction o r  opposition, 
would be an act ive cen te r  producing e i the r  protons o r  high radio flux i s  
pred ic ted  f o r  May-June 1971. 
The  overa l l  activity of cycles 18 and 19 m a y  be compared  on 
var ious  grounds,  par t icular ly:  ( 1 )  Events of g r e a t  magnitude; 
( 2 )  10.7 cm rad io  flux and ( 3 )  Sunspot number  ( o r  area).  
of (1) or (2)  the two cyc les  a r e  of approximately equal activity.  On the 
basis of ( 3 )  sunspot number,  cycle 19 is far m o r e  act ive than cycle 18. 
T h i s  is because  the frequency of smal l  and ave rage  s i ze  sunspots has  
been higher  than no rma l  in cycle 19 and l i fe t imes  have been s h o r t e r  
than before  (14% of all sunspots  lasted]only one passage) (Kopecky, 
1967). 
On the bas i s  
I t  has  been noted that proton events  occur  a lmos t  exclusively 
4 7  
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f r o m  the second, third and subsequent passages of giant sunspot groups 
(Anderson, 1966). The frequency and s ize  of giant sunspot groups was 
greater during cycle 18 than during the remainder  of the ent i re  120  year  
per iod when a r e a s  have been measu red  at Greenwich (Jones,  1954). 
The five la rges t  spot groups e v e r  measu red  were  seen in 1946, 1947 
and 1951 in cycle 18. 
declining over  the last few cycles ,  (Kopecky, 1967) and typically the 
28 Februa ry  1942 (cycle 17) spot had very  high fields of up to  5100 gauss .  
Thus  the re  are long range changes in many so lar  charac te r i s t ics  which 
should be taken into account in projections of future so la r  activity. 
The magnetic fields of sunspots have been 
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6 .  PROTON EVENTS OF CYCLE 19 
6 :  PROlDN EVENTS OF CYCLE 19 
Four a c t i v e  cen te r s  produced over 90% of the s o l a r  p a r t i c l e  
emission during the si$ year period ?.956-1961. 
study of s o l a r  a c t i v i t y  from 1956-19h1 has concentrated on the four  
Therefore, the 
most a c t i v e  centers ,  plus a GLE with lower flux. 
In  order  t o  e s t a b l i s h  p e r i o d i c i t i e s  i n  the occurrence of 
pro ton’events ,  i t  is  necessary t o  study s o l a r  f l a r e  e f f e c t s  over 
a s  long a time period a s  poss ib le ,  Therefore the four ac t ive  
c e n t e r s  of cycle  19 a r e  compared t o  a c t i v e  cen te r s  of o the r  cycles  
f o r  poss ib le  pred ic t ion  of fu tu re  proton events  and a c t i v e  centers .  
It has  been noted tha t  proton events  occur almost exc lus ive ly  
from the second, t h i r d  and subsequent passages of g i an t  sunspot 
groups (Jonah, 1967) (Sherry, 1968) with very few occurr ing on the  
f i r s t  passage. The frequency and s i ze  of g i a n t  sunspot groups has  
been g r e a t e r  during cyc les  18-20 than during the  remainder of the 
e n t i r e  100 year  period when a r e a s  have been measured a t  Greenwich 
(Kopecky, 1966). 
P lane tary  e f f e c t s  on s o l a r  a c t i v i t y  a r e  discussed with respec t  
t o  th ree  phenomena i f  da t a  a r e  ava i lab le :  (1) The maximum t i d a l  and 
j e r k  ( r a t e  of change of s o l a r  acce lera t ion)  values  during the month 
preceding proton events ,  ca lcu la ted  on conjunction d a t e s ;  (2) Maximum 
r a t e s  of change of  t i d a l  force  and (3) Dates and types of planetary 
conjunct ions two and three  months preceding proton events .  In  the 
l a t t e r  case ,  ag attempt is made t o  t r ace  the cause o f  the a c t i v e  
c e n t e r ,  and l a t e r  the  configurat ion which t r i g g e r s  t he  proton event.  
Four a c t i v e  cen te r s  which produced high energy, high f lux  
proton events  w i l l  be discussed i n  the 19th s o l a r  cyc le ,  
the  c e n t e r s  which caused the 23 February 1956, the 10, 14, 16 J u l y  
These a r e  
m 1959, the 12, 15, 20 November 1960 and the  11, 12,  18, 20 J u l y  1961 
events .  The 4 May 1960 GI3 low flux event is also discussed. 
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The 23 February 1956 event occurred a t  the beginning of 
.. cycle  19 from the  r e s t r i c t e d  longi tudes a c t i v e  a t  high l a t i t u d e s ,  
similar t o  the 25 J u l y  1946 and 28 January 1967 events .  
The antecedents  of the  November 1960 events  resemble those 
of the  November 1949 event. S imi la r  event(s)  a r e  predicted f o r  
November 1970, following the  t r i p l e  conjunction of Venus, Earth 
and Saturn on 10-11 November i n  opposi t ion to J u p i t e r  and Neptune. 
The Ju ly  1961 events  occurred during l o w  s o l a r  a c t i v i t y ,  
y e t  repeated proton events  and a high f l u x  of X-radiation was 
produced. 'he J u l y  1961 a c t i v i t y  cen te r  i s  canparable t o  the 
February-March 1942 and May 1951 a c t i v e  c e n t e r s ,  occurr ing near  
the time of Jup i t e r -  Saturn conjunction o r  opposi t ion.  A comparable 
a c t i v e  center  producing protons o r  high X-ray f lux  is predicted 
f o r  May-June 1971. 
. 
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I. PROTON EVENT OF 23 FEBRUARY 1956 
The ground l e v e l  event (GLE) of 2 3  February 1956 was the 
h ighes t  energy event during cycle 19. The events  observed on the 
sun were : 
1. 
2. 
3. 
4. 
Giant Sunspot Stream - On i t s  second r o t a t i o n  the a rea  
had grown t o  2410 mi l l i on ths  of the s o l a r  hemisphere 
with a la rge  b r igh t  plage of a fea  18,000 m i l l i o n t h s ’  
(Solar  Geophysical Data). The f l a r e  or ig ina ted  a t  ;he 
longitude L = 190°, the only longitude a c t i v e  a t  high 
l a t i t u d e s .  The delta configurat ion (umbrae of opposite 
p o l a r i t y  i n  the same penumbra) was present  i n  severa l  
p a r t s  of the stream (McDonald, 1963). 
H cy Fla re  - 98 f l a r e s  were observed during the 3 most 
a c t i v e  ro t a t ions .  The GLE f l a r e  had a l i n e  width of 
18 gngstrams. 
of the p r inc ipa l  umbrae, a c h a r a c t e r i s t i c  of proton events .  
(Jonah, 1967) (Dodson and Hedeman, 1964). 
It was seen t h a t  the  f l a r e  covered severa l  
Sunspot Magnetic F i e l d  - The group was of complex (y) 
type with maximum f i e l d  s t r eng ths  up t o  4000 gauss. 
(El l i son  e t  a l .  , 1961). 
Loop Prominences - were observed over the  a c t i v e  region 
a t  e a s t  limb 13 days before the  GLE f lare .  Loop promin- 
ences are a l s o  an ind ica tor  of proton f l a r e s  (Bruzek, 
1964) (Jonah, 1967). In add i t ion ,  coronal yellow l i n e  
emission was evident  during the d i s c  passages of January,  
February and March (Mac Donald, 1963) ind ica t ing  a temp- 
e r a t u r e  of 4x10 degrees K. i n  the  corona. 6 
The following solar- t e r r e s t r i a l  e f f e c t s  were noted: 
1. Short Wave Fadeout (SWF) - l a s t i n g  seven hours. 
2.  
3. 
4. 
5. 
6. 
Polar  Cap Absorption (Pal - f i r s t  case ever observed 
on the  dark hemisphere of the ea r th .  
Ground Level Event (GLE) - cosmic ray increase a t  
ground l e v e l  de tec ted  by ion chambers, and neutron 
monitors a t  numerous s t a t i o n s  including a 6000% 
increase  a t  Leeds (E l l i son ,  1961). 
Magnetic Crochet - i nd ica t ing  X- ray emission recorded 
a t  f i v e  s t a t i o n s .  
Great Geomagnetic Storm - beginning 47.4 hours l a t e r .  
- Solar  Radio Emission - a 10 cm r ad io  burs t  was recorded 
i n  Tokyo l a s t i n g  50 minutes. 
s c a l e ,  i n d i c a t i n g  a peak f l u x  i n  excess of 4700x10 
2 w a t t s l m  ( c / s ) .  Bursts  were a l s o  recorded a t  200 Mc/sec, 
85 Mc/sec and 20 Mc/sec. 
The recorder went of f  
- 22 
I n t e r p r e t a t i o n .  
cyc le  and consequently from a high l a t i t u d e  a c t i v e  center .  
a c t i v e  l m g i t u d e s  are very narrow a t  high l a t i t u d e s ,  a s  can be seen 
by the  i s o l i n e  method (Vitinsky) (Warwick, 1965). I n  f a c t  o f t en  
only one . longi tude i s  represented i n  the northern hemisphere above 
20' l a t i t u d e .  Such has been the case f o r  t h e  beginnings of cyc les  
18, 19 and 20 i n  which the nor thern  longi tudina l  zone from 180' t o  
210° was the loca t ion  of nea r ly  a l l  s i g n i f i c a n t  e a r l y  proton c e n t e r s  - 
J u l y  1946, Jan. - Feb. 1956, and J u l y ,  Aug., Sept. 1966. 
The 23 February 1956 event occurred e a r l y  i n  the 
The 
On 6- 7 Jan.  1956 a Mercury-Venus conjunction took place 
(Tables lZ'and13). 
t i m e ,  although no important a c t i v e  c e n t e r s  were OR the v i s i b l e  
hemisphere (Cartes  Synoptiques, 1956) . 
f o r  i t s  f irst  passage on 13 Jan. 
junc t ion  (Table 12) took p l ace ,  and the  10.7 cm f l u x  was e leva ted  
(Tablelrl) f o r  5 days (although now another  a c t i v e  cen te r  had formed 
The 10.7 cm f l u x  was elevated (Table14) a t  t h a t  
The a c t i v e  cen te r  appeared 
On 31 Jan .  a MercurpJup i t e r  con- 
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a t  330° Longitude). 
ance of t he  proton a c t i v e  center  i n  February. 
i nc rease  of 40% i n  10.7 f l u x  took p lace  a t  the t i m e  of the t r i p l e  
conjunct ion  of Ear th ,  J u p i t e r  and P l u t o  on 16 Feb. i n  alignment 
wi th  the  a c t i v e  c e n t e r .  
c l e a r l y  n o t i c e a b l e  on cent imeter  wavelengths,  the r i s e  i s  much 
more s t r i k i n g  on the more col l imated meter  waves. On 16 t o  17 
February,  i nc reases  took p lace  in mean d a i l y  f l u x  of  up t o  a n  
o r d e r  of magnitude on a l l  f requencies  from 81 Mc/s t o  200 Mc/s 
(Quar te r ly  B u l l e t i n ,  IAU). 
Radio emission increased  20% on the  appear- 
However, a major 
While the inc rease  in  s o l a r  a c t i v i t y  i s  
An inc rease  of up t o  100% took p lace  on meter  wavelengths 
a l s o  a t  the  time of the Mercury-Earth conjunct ion  on 27 J a n . ,  but 
t h e  change on 10.7 cm cannot be isolated from the  passage of the  
a c t i v e  c e n t e r  a t  west limb. 
The Mercury J u p i t e r  conjunction preceding the proton event  
had unusual ly  high p l ane ta ry  je rk  and t i d a l  va lues  of  4 .6  u n i t s  
(Table 121, s ince  both p l a n e t s  were pos i t i oned  near  t h e i r  maximum 
sunspot- producing longi tudes  (which l a g  behind the p e r i h e l i o n  
long i tudes )  (Huntington, 1923). me Bol l inger  7- p lane t  s o l a r  index 
shows maxima on 31 Dec. 1955 and 24 Jan .  1956 of 56222 and 53277 
u n i t s ,  and minima on 16 Jan .  and 17  Feb. of 44308 and 37577 u n i t s  
(Bo l l inge r ,  1960). High rates of change of  the 7-planet  t i d e  are  
shown i n  Table 2 t o  take p l ace  from 8 t o  16 Jan .  and 1 t o  9 Feb. 
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TABU 12. Rank Order of Planetary Conjunctions (Wood, 1968) 
Jerk i s  defined a s  the r a t e  of change of so lar  acceleration. 
Je rk  Tida 1 
Planets Mix Ave Max Ave 
~ ~~~ ~ ~ ~~ 
Me+V 6 , 1  4.9 4.2 3.0 
M e + J  4.7 2.4 ! 4.6 3.1 
WJ 3.7 3.5 4;8 4.4 
Me+E 4.6 2.4 3.0 1.9 
E+J 2.2 2 .o 3.6 3.2 
TABLE 13. Dates and Values of High Rate of Change of Seven- 
Planet Tidal Force (dT/dt) (Bollinger, 1960) During Solar 
Cycle 19, followed i n  Last C o l l l l ~ ~  by Dates of Proton Events 
(Jonah e t  r l . ,  1963). Underlined Events a r e  Ground Level 
Events Discussed i n  This Report. 
DATE dT/d t WAR 
19 56 Jan 8 - 16 - 1.41 
Feb 1 - 9 -1.25 
7--
1957 O c t  1 - 9 - 1.88 
Mar 18 - 26 -1.63 
1958 Jun 1 - 6 1.38 
Juri 14 - 22 - 1.25 
D ~ c  7 - 15 -1.75 
19 59 
May 16 - 1.50 
Jun 9 - 17 -1.13 
Sep 133: 21 1.13 
- EVENT 
Feb 23 
Oct 2 1  
Apr 10 
Jun 6 
J u l  7 
peak sun- 
spot no. 
Jun 13  
J u l  14 
Oct 6 
. 
c 
Table 14. Ottawa 10.7 cm.  Radio Flux Dai ly  Means for January ,  February 
1956. (Quar te r ly  B u l l e t i n ,  IAU). U n i t s ,  10-22 Watts/m2 ( c / s ) .  The 
Passages of the  Act ive  Center  a r e  shown, and the  d a t e s  of the  Mercury- 
Venus, Mercury-Jupi ter  and Earth- J u p i t e r -  P l u t o  Conjunct ions,  
E, J ,  P c o n j - r n  
1956 Date 
1 
248 
251 
248 
244 
January 
- 
I ' 161 
February 
114 
I 170 
2 128 116 
125 
123 
116 
120 
116 
116 
106 
103 
107 
8 122 109 
9 
10 
11 
12 
13 
14 
15 
16 
1 7  
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
116 
112 
116 
124 
Ea B t Limb pi: 
155 
r  
177 
174 
173 
174 
181 
177 
174 
153 
L 1 3 7  
West Limb 124 
121 
109 
10 7 
Me, J conj  fl 
116 
East Limb I 133 
154 
163 
185 
I 236 1::: 
West Limb 178 
154 
142 
14 3 
157 
- 
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Pluto 
I /J  ranu us I 
1.00 
\ 
/ 
270. 
H Jupiter i 
I 
I 
I Fob. 18 I I Jan. 31 
I 
Figure 8. Plane ta ry  Conf igura t ion  One Month P r i o r  t o  
Proton Event of 23 February 1956. 
(American Ephemeris, 1956) 
* -Date P l a n e t s  
Dec 16 Venus J u p i t e r  
J a n  6 Mercury Venus 
Jan  23 Ea r th  Uranus 
Jan  24 Venus Neptune 
Jan  26 Mercury Uranus 
J a n  27 Mercury Ear th  
J a n  30 Venus Mars 
Jan  3 1  Mercury J u p i t e r  
Feb 16 Ear th  J u p i t e r  
Feb 16 Mercury Neptune 
Feb 23  Mercury Mars 
P l u t o  
P l u t o  
*Dates of lesser importance are  indented .  
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goo 
/ 
\ 0. 
Lon g i t ud e 
322', 142O 
O0 
120° 
20° 
120° 
123' 
3 8 O ,  218O 
145O 
146O 
208' 
2 30' 
11. PROTON EVENTS OF 10 ,  14,  16 JULY 1959 
Late i n  May 1959, a second region developed behind the group 
producing the 10 May f l a r e .  (McDonald, 1963.) On the second passage 
i n  June a b r i g h t  plage and complex spot  group ( a rea  = 1111 m i l l i o n t h s )  
produced seve ra l  l a rge  f l a r e s .  J u s t  before  the t h i r d  passage the re  
were loop prominences (Bruzek; 1964), surges ,  and r ad io  fade-outs  in- 
d i c a t i n g  cont inuing  a c t i v i t y .  By t h e  9 t h  of J u l y  small f l a r e s  had 
occurred and the plage had grown l a r g e r  and b r i g h t e r .  On the J u l y  
passage the following'  f e h t u r e s  were observed i n  the  a c t i v e  cen te r :  
1. Giant  Suqspot Group - The maximum a rea  i n  the J u l y  
passage was 2100 mi l l i on ths .  
CMP was an impressive 12,000 m i l l i o n t h s  a t  N16 and 
Carr ington longi tude  L = 330°. 
The b r i g h t  plage a t  
0 
2 ,  H a Fla re  - The major f l a r e s  occurred on LO J u l y ,  
14JuLy,  16 July, with the  14 J u l y  event  producing 
the  h ighes t  p a r t i c l e  f lux  dur ing  the  th ree  year  
per iod 1957-1959. The 14. 16 July flares cn-rerl 
a l l  b u t  one of the p r inc ipa l  umbrae. Umbra1 coverage 
has  been noted a s  a condi t ion  f o r  proton even t s  and 
r a d i o  bursts (Dodeon and Hedeman, 1964) (Jonah, 1967) 
(Malv i l l e  and Smith, 1963). 
3. Magnetic Fields - of up to  3200 gauss were recorded i n  
the  By spo t  group of Zurich c l a s s i f i c a t i o n  H. 
of  both p o l a r i t y  were contained i n  the same l a rge  penumbra 
( the  d e l t a  configurat ion)  . 
Umbrae 
The fol lowing so lar -  t e r r e s t r i a l  e f f e c t s  were noted:  
1. Radio Fade-outs - accompanied a l l  t h ree  events .  "he 16 
J u l y  event  wa8 a l s o  assoc ia ted  with SEA and SCNA (E l l i son  
e t  e l . ,  1961). 
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2.  Radio Burs t s  - occurred on 10.7 cm on 9 J u l y  (peak 
f lux  490 times mean d a i l y  f l u x ) ,  14 J u l y  (120 times 
mean) and 16 J u l y  (6500 times mean) (Solar  Geophysical 
Data). 
chro t ron  r a d i a t i o n .  
A l l  3 f l a r e s  were accompanied by Type I V  syn- 
3. Cosmic Rays - Protons were recorded from a l l  3 f l a r e s  
d e s p i t e  the  unfavorable  geometry of t he  f i r s t  two 
located 66E and 063 of CMP. 0 r . l ~  the  16 J u l y  event  
produced a GLE of 5% above ambient f l ux .  
4. Magnetic Storms - Sudden commencements were observed 
on 11, 15 and 17 J u l y  wi th  the  SC on 15 J u l y  the  
most severe.  It should be noted t h a t  t he  f l a r e  of  
10 J u l y  occurred f a r  on the  e a s t e r n  hemisphere,  so 
t h a t  the  magnetic storm i s  somewhat remarkable. 
I n t e r p r e t a t i o n .  The 1959 J u l y  event  came midway i n  the 19th c y c l e ,  
and the re fo re  would n o t  be expected t o  be a s  h igh  energy a s  e a r l y  
and l a t e  events  such a s  February 1956, and November 1960. 
The conjunct ions  preceding the  J u l y  1959 even t s  resemble the 
conjunct ions  preceding the  J u l y  1946 even t .  On 18 May, 1959 the re  
was a conjunct ion of Ear th  and J u p i t e r ;  on 2 J u l y ,  Venus and J u p i t e r ,  
and f i n a l l y  on 12 J u l y  a conjunct ion  of Mercury and J u p i t e r .  The 
Carr ington  a c t i v e  longi tude  330' which produced the  proton event  was 
approximately i n  l i n e  wi th  t h e  Ea r th - Jup i t e r  conjunct ion  on 18 May. 
On 12  J u l y ,  t he  d a t e  of the  Venus-Jupi ter  conjunct ion ,  the a c t i v e  
s o l a r  longi tude  L 
major  t i d a l  p l a n e t s .  Although the spo t  group was f i r s t  seen a t  
e a s t  l imb on 8 J u l y ,  i t  grew i n  s i z e  a f t e rwards  t o  a maximum a r e a  
of 2100 m i l l i o n t h s ,  one of  t he  l a r g e s t  spo t  groups i n  cyc le  19. 
(Jonah e t  a l .  , 1956- 1963). 
= 330' was approximately i n  l i n e  wi th  the  two 
The 10.7 cm r ad io  f l u x  was e l eva ted  on the days of Mercury- 
J u p i t e r  and Mercury-Earth supe r io r  con junc t ions  on 1 and 3 June ,  
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and a t  the time of the  Venus-Jupiter conjunct ion  on 1 - 2  J u l y  
(Table 15). 
t he  day of the  first 3+ f l a r e  and t h e r e f o r e  the  inc rease  i n  r ad io  
flux i s  ambiguous. Again, the increases on meter wavelengths 
were more impressive,  but  the genera l ly  h igh  f l u c t u a t i n g  r a d i i )  
emission dur ing  the  peak of the  11-year c y c l e  makes i n t e r p r e t a t i o n  
d i f f i c u l t .  
The Mercury-Jupi ter  conjunct ion occurred on 12 Ju ly ,  
In t enus  of the  Bol l inger  p l ane ta ry  t i d a l  index,  there  were 
success ive  minima on 8 May and 1 7  June o f  35173 and 50026 and maxima 
on 29 March and 1 June of 51479 and 63376 u n i t s  ( t ab lua ted  every 8 
days). (Bo l l inge r ,  1960.) There was a high r a t e  of change of t i d a l  
func t ion  from June 9 t o  1 7 ,  (Table 13). 
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Table 15. Ottawa 10.7 CP. Radio Flux 
(Quarterly B u l l e t i n ,  I A U ) .  Un i t s ,  lo-’ Watts/m ( c / s ) .  The Passages 
of the Active Center are shown, and the dates  of the Mercury-Earth- 
Jup i ter ,  Venus Jupiter and Mercury-Jupiter Conjunctions. 
i l y  Mean5 for June, July 1959. 
1959 Date June 
1 19 3 
2 Me, J superfor A1981 
Me, E conjunction 198 3 U 
4 
5 
6 
7 
8 
9 
10 East Limb 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
West Limb 
27 
28 
29 
30 
31 
July 
11881 
V ,  J conj +74J 
190 
197 
2 10 
198 
213 
223 
228 
226 
220 
2 12 Me, J conj 
East Limb 
208 
225 
220 
225 
228 
2 37 
226 
228 
2 19 
220 
2 32 
233 
2 38 
240 
224 
219 
19 6 
- 
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CMP . 
,ob 
171 
177 
176 
188 
192 
185 
185 
- 
- 
194 
2 34 r7 264 
245 
261 
240 
231 
222 
208 
189 
178 
178 
18 1 
182 
182 
200 
205 
20 7 
204 
20 8 
- 
Pluto 
H ~ r a n u r  
M8rr . 
goo 
/ \ \ 
/ + Saturn 
270. 
0. 
F i g u r e  9 . P l a n e t a r y  Conf igura t ion  One Month P r i o r  t o  
Pro ton  Events  of 10, 14 ,  16 J u l y  1959. 
(American Ephemeris, 1959). 
Date -
May 18 
May 19 
J u n  1 
J u n  3 
J u n  14 
J u n  16 
Jun  1 7  
Jun  26 
E a r t h  
Mercury 
Mercury 
Mercury 
Mercury 
Venus 
Mercury 
Ea r th 
P l a n e t s  
J u p i t e r  
Venus 
J u p i t e r  
Earth 
Uranus 
Neptune 
Mars 
sa t u r n  
Longitude 
236' 
350°, 170' 
5 7 O ,  237' 
72O, 252' 
136' 
2 16' 
P l u t o  1 5 5 O  
2730 
J u l  2 Venu 6 J u p i t e r  240' 
J u l  4 Mercury Neptune 2 16O 
J u l  12 Mercury J u p i t e r  241' 
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I11 PROXJN EVENT OF 4 MAY 1960 
%e region became a c t i v e  near  the e a s t  limb around March 25. 
2hree polar  cap events  (PCE) were recorded on the  f i r s t  passage: 
on March 31, Apr i l  1 and 5 .  
Apri l  of 2270 mil l ion ths  with a b r igh t  plage of about 3500 mi l l i on ths .  
On the second passage the spot group was reduced i n  s i z e ,  but the 
plage grew t o  almost double by Q4P. 
The sunspot a rea  reached a peak on 4 
The 4 
1. 
2. 
The Compact Sunspot Group - a t  N 10' and L = 135O 
was over 1000 mi l l i on ths  a t  e a s t  and west limb but  
was smaller than 700 mi l l i on ths  as i t  crossed CMP. 
Sunspot Magnetic Field - when measured on the  d i sk  
reached 2300 gauss i n  the  C ,  D and E type spot  group. 
(Jonah e t  al., 1964.) 
tay event took p lace  a t  west limb and the following so la r  ter- 
restrial e f f e c t s  were noted: 
1. Short Wave Fadeout - ticcompanied the limb f l a r e ,  
2.  Geomagnetic Crochet - was recorded a t  Hermanus. 
3. Radio Noise - a g rea t  bu r s t  of 2650 f l u x  u n i t s  (peak) 
was recorded on 2980 Mc/s i n  the Netherlands.  
4. Cosmic Rays - were recorded a t  s eve ra l  s t a t i o n s .  
'his c o m i c  ray  shower had the s h o r t e s t  t i m e  s c a l e  
of a l l  those measured up t o  t h i s  time (E l l i son ,  1961), 
with a t o t a l  dura t ion  of only t w o  hours. The s o l a r  
f l a r e  which produced the  event was 41so smal le r ,  
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f a i n t e r  and of much s h o r t e r  dura t ion .  However there  
may have been a speciul  configurat ion of the in t e r -  
planetary f i e l d  which ducted the p a r t i c l e s  from the 
favorable  west limb location d i r e c t l y  t o  the ea r th .  
5 .  Magnetic Stonn - of minor i n t e n s i t y  occurred on 6 May. 
0. There was no Forbush Decrease. 
I n t e r p r e t a t i o n .  Followlng the t r i p l e  conjunction of Venus, J u p i t e r  
and Mercury on 24 February, in alignment with the a c t i v e  longi tude,  
the 10 cm. rad io  emission was elevated 5% fo r  three days. Although 
the spot  group was not  d i s t i n c t i v e  u n t i l  a month l a t e r ,  the I . A . U .  
Quar te r ly  Bul le t in  lists the region a s  being i n  i t s  t h i r d  r o t a t i o n  
on tbe l a te  March passage. On th i s  r o t a t i o n  i t  was a l ready  f l a r e -  
active and a e t rong rad io  emZtter a t  169 Mc/s and 3000 Mc/s. Follow- 
ing  the Mercury-Jupiter-L* conjunction on 9 Apr i l ,  the  10 cm. r ad ia t ion  
;LL+.Lraae; %X in 3 days. 'me spot group was la rge  on its reappearance 
on 22 Apr i l ,  but decl ined i n  s i ze  fo r  several  days,  although the plage 
remained la rge  and bright,on 27 A p r i l ,  two sets of conjunctions took 
place - Earth-Neptune-L* ( a t  CMP) and Mercury-Mars. Following t h i s  
d a t e  the spot group grew rap id ly  i n  s i z e  and i n  r ad io  emission. The 
msximum plage a rea  was reached on 2 May, and maximum spot  a rea  on 3 
May and the proton event  occurred a t  west limb on 4 May, when the  a c t i v e  
center was i n  alignment with the  Mars-Uranus conjunction. 
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Table16. 
(Quar te r ly  Bu l l e t in ,  I A U ) .  U n i t s  - watts/m (c / s ) .  me passage 
of t he  a c t i v e  cen te r  i s  shown, and the  d a t e s  of s i g n i f i c a n t  p l ane ta ry  
conjunct ions .  
Ottawa 10.7 cm Radio Flux Dai ly  Means f o r  February-May, 1960. 
2 
1960 Date February March A p r i l  May 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
225 
213 
2 15 
209 
209 
192 
187 
183 
183 
178 
175 
166 
167 
167 
160 
158 
153 
151 
- 
142 
156 
149 
143 
140 -1 Me- V- J conj E-P con j  
147 
140 , 
140 
- CXP - 
6 8  
137 
137 
i 38 
139 
140 
135 
139 
141 
132 
132 
129 
135 
134 
137 
142 
140 
1 30 
137 
14 3 
145 
150 
154 
158 
157 
- E- N- L* 
- con j 
20 1 
184 
179 
188 
182 
169 
, 165 
147 
143 MeJ conj  148 
156 
159 
168 
179 
183 
190 
183 
178 
176 
170 
- 
Me-Ma con. 
175  
18 1 
19 3 
182 
152 
160 
158 
156 
152 
156 
162 
168 
170 
170 
180 
179 
170 
162 
162 
155 
151 
153 
153 
175 160 
163 164 
160 164 
166 . 163 
165 164 
165 164 
143 158 
166 
1 7 1  3 170 
170 
159 
1800 Pluto . 
Figure i o .  
Date 
I 
Feb 24 
Feb 24 : 
Mar 2 
Mar 4 
Mar 8 
Mar 8 
Mar 10 
Mar 24 
Apr 9 
Apr 16 
Apr 27 
Apr 27 
May 4 
M a r c  
Plane ta ry  Cctn f i gura t ion One Month Prior t o  
Protgn Event of 4 May 1960- 
(American Ephemeris, 1960). 
Venus 
Ear th  
Mars 
Mercury 
Venus 
Mercury 
Mercury 
Mercury 
Mercury 
Mercury 
Ear th  
Mercury 
Mars 
P lane t s 
J u p i t e r  (Mercury) 
P l u t o  
Sa turn  
Uranus 
Sa tu rn  
P l u t o  
Ea r th  
Y e p  tune 
J u p i t e r  
Sa tu rn  
Neptune L*=i33O 
Mars 
(Uranus) 
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Long1 tude 
259'( 79') 
157' 
281' 
139' 
281' 
153' * 
166' 
217' 
262' 
282' 
217' 
31 7' 
3200( 1400) 
I V .  PROTON EVENTS OF 1 2 ,  15 ,  20 NOVPlBER 1960 
The a c t i v e  region was observed f i rs t  i n  October (CMP-15 Oct) 
with modera :e a c t i v i t y ,  loop prominences, and yellow coronal  l i n e  
emission. 
was very  l a r g e  and complex wi th  a very b r i g h t  plage.  
When the region reappeared on 4 November the spo t  group 
1. 
2. 
3. 
The Large Sunspot Group - a t  N 26O reached a maximum 
a rea  of 2330 m i l l i o n t h s  on 13 November, a l though the 
maximum plage area of 9200 m i l l i o n t h s  was observed on 
10 November. (HA0 Summary.) The Carr ington longi tude 
of the F type group was L = 30°, one of the a c t i v e  
longi tudes  l i s t e d  by Vi t insky  (see a l s o  Losh, 1938) 
(Bezrukova, 1961, 1962). 
0 
H ct F l a r e  - The l i n e  width on 15 November was 25.261, 
one of the l a r g e s t  ever recorded. The 15 November 
f l a r e  was a l s o  observed i n  white  l i g h t .  The two 
p r i n c i p a l  umbra were completely covered by both the 
12 and 15 November f l a r e s  (Dodson and Hedeman, 1963). 
Sunspot Magnetic F i e l d  - On 12 November the  peak f i e l d s  
were n o r t h  - 2800 gauss ,  and south - 2700 gauss ,  bu t  by 
the  t h e  of the  f l a r e  of 15 November the maximum f i e l d s  
had dec l ined  t o  no r th  - 2500 gauss and south - 1500 gauss ,  
and were unobservable on 20 November. 
was complex (y), and the l a r g e  penumbra enclosed umbra 
of  oppos i te  p o l a r i t y  ( t h e  d e l t a  conf igu ra t ion ) .  
The sunspot type 
The fo l lowing  s o l a r  terrestr ia l  e f f e c t s  were noted: 
1. 
2. 
Short Wave Fadeouts - of g r e a t  s e v e r i t y  accompanied a l l  
th ree  proton events .  
Geomagnetic Crochets - were recorded by up t o  n ine  s t a t i o n s  
f o r  a l l  t h ree  events , :  and in  each c a s e ,  t he  c rochet  maximum 
followed the H CY maximum, one of the c r i t e r i a  f o r  proton 
emission (Jonah, 1967). 
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3. Rn-dio Noise - on 10.7 cm was outs tanding  on 12 November 
with a rare g r e a t  bu r s t  of 5500 f l u x  u n i t s ,  poss ib ly  
r e l a t e d  t o  the umbral coverage (Malv i l l e  and Smith, 1963). 
Type I V  emission accompanied a 11 t h r e e  events .  
I 
4. Cosmic Rays - were observed from a l l  t h ree  even t s ,  in- 
c lud ing  the 20 November event  which occurred 23' behind 
the  west limb, b u t  a t  a high  a l t i t u d e  i n  the corona 
(Athay, 1962). 
5. Magnetic Storms and Forbush Decreases - occurred fol lowing 
a l l  t h ree  events .  
I n t e r p r e t a t i o n .  The a c t i v e  region appeared i n  e a r l y  October,  following 
the  conjuncticm of Mercury and Venus on 25 September (Fig.  1 1 ) .  
Mercury J u p i t e r  conjunct ion  on 7 October was i n  alignment with the 
act ive c e n t e r  on the  sun, and rad io  emission of up t o  100 times average 
was observed over  f r equenc ie s  froni 67 Mc/s t o  234 Mc/s f o r  fou r  days 
fol lowing the conjunct ion.  
on 7 October (Tablei7) - Pitrthor -ks.rr_nf zzi:~ A ~ ; ~ ~ ~ ~ L I  WUY nocea on 
The 
. 
The emission was a l s o  e l eva ted  on 2800 Mc/s 
17 October ,  t h e  d a t e  of the Venus-Jupiter conjunct ion  (Table 17) and 
w i t h i n  two days on all f requencies  between 67 Mc/s and 234 Mc/s (Quar te r ly  
B u l l ,  ZAUj. 
took p lace ,  and a small r ad io  b u r s t  occurred over  the  a c t i v e  c e n t e r  on 
t h a t  day,  accord ing  to  the  r a d i o  in t e r f e romete r  observa t ions  a t  169 Mc/s 
(So la r  Geophysical Data), 
t i o n s  and e l eva ted  solar r a d i o  emission is p a r t i c u l a r l y  s t r i k i n g  f o r  
t he  November 1960 even t s ,  on the  169 Mc/s i n t e r f e r a n e t e r  graphs,  because 
of t h e  b u r s t s  accompanying the  7 and 1 7  October conjunct ions .  
On 7 November an  i n f e r i o r  conjunct ion  and t r a n s i t  of Mercury 
The c o r r e l a t i o n  between s i g n i f i c a n t  conjunc- 
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Table t i !  
( C I S ) .  The Passages of  the Active Center are shown, and the 
dates  of the Mercury-Jupiter and Venus-Jupiter Conjunctions. 
Ottawa 10.7.cm. Radio Flux Daily Means for  October, 
November, 1960, (Quarterly B u l l e t i n ,  TAU). Units ,  watts/m 2 
- 1960 Date 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
October 
115 
112 
120 
132 
132 
132 
Me,J conj 
East Limb 
CMP 
V , J  conj - 
West Limb 
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14 3 
- 151 
159 
152 
159 
162 
166 
- 165 
165 
154 
153 
149 
144 
8 141 
134 
129 
130 
132 
132 
122 
131 
128 
12 7 
November 
East Limb 
CMP 
West Limb 
114 
129 
130 
131 
- 144 
148 
157 
168 
175 
200 
188 
168 
180 
192 
183 
174 
164 
.153 
150 
147 
139 
12 7 
116 
113 
111 
117 
119 
117 
119 
131 
- 
I 
Figure i t .  
Da te -
Sep 24 
Oct 7 
Oct 17 
1800 Pluto 
H Uranus \ goo 
\S.P'3\ Sun I- 
Planetary Configuration One Month Prior t o  
Proton Events of 12, 15, 20 November 1960. 
(American Ephemeris , 1960). 
Planets 
Mercury Venus 
Mercury Jupiter 
Venus Jupiter 
Oct 21 Mercury Uranus 
Oct 24 Venus Sa turn 
Oct 25 Mercury Pluto 
Nov 1 Earth Neptune 
Nov 6 Mercury Neptune 
Nov 7 Mercury Earth Transit 
Nov 12 Mercury Mars 
Longitude 
24 3' 
277' 
2 78O 
32', 142' 
288O 
386O, 156O 
38O, 218O 
39O, 219' 
49O 
9 2' 
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V. PROTON EVENTS OF 11-21 JULY 1961 
Although the a c t i v e  c e n t e r  produced proton even t s  on 11, 12,  
20 and 21 J u l y ,  the d i scuss ion  below i s  concent ra ted  upon the GLE 
even t s  of 18 and 20 J u l y .  n e  even t s  observed on t h e  sun were: 
1. Giant Sunspot Group - the  maximum area was 1570 
m i l l i o n t h s  on 12 J u l y  wi th  a b r i g h t  plage of area 
5100 m i l l i o n t h s  011 the  second r o t a t i o n .  The a c t i v e  
longi tude  was 70°. 
2. H CY F l a r e  - The f l a r e  on 18 Ju ly  had 2 d i s t i n c t  f l a s h  
phases. The 20 J u l y  f l a r e  was a limb event  and d i s -  
played the well- known loop prominence system (Bruzek, 
1963). On the  18 J u l y  f l a r e  two b r i g h t  f i l amen t s  formed, 
one covering the  n o r t h  umbrae. Umbral coverage has  been 
found t y p i c a l  of proton f l a r e s  accompanied by s t rong  r ad io  
and X-ray emission. 
3. Sunspot Magnetic F ie ld  - was the  complex (y) type with 
f i e l d  s t r e n g t h s  of 2100 and 1500 gauss ,  wi th  3 n o r t h  and 
one south umbrae i n  a l a r g e  s i n g l e  penumbra on 12 J u l y  
( the  d e l t a  conf igu ra t ion ) .  
The following solar- t e r r e s t r i a l  e f f e c t s  were de tec t ed :  
1. Radio-Fade Out ( i n d i c a t i n g  X-ray emission) was observed 
on many f r equenc ie s ,  p e r s i s t e d  f o r  2 hours  on the  18th ,  
7 hours  on the  20th,  an  abnormally long per iod f o r  a 
s h o r t  wave fade (SWF). On 20 J u l y ,  o t h e r  unusual ly  s t rong  
ionospheric  e f f e c t s  were noted ,  i nc lud ing  SEA and SCNA 
(Bruzek, 1963) . 
2. Magnetic Ctjochet - delayed i n  both c a s e s  a f t e r  the H CY 
f l a r e  maxim-, found t o  be c h a r a c t e r i s t i c  of proton f l a r e s  
( P i n t e r ,  1867) (Jonah, 1967). 
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3 .  Radio Noise - s t rong  b u r s t s  on 2800 Mc/s occurred on 
1 2 ,  18 and 20 Ju ly .  The peak f luxes  were 6000, 2400 
and 1800 f l u x  u n i t s  (10 watts/m ( c / s ) .  The meter 
b u r s t s  on 200 Mc/s were 22,000; 1000; and 4000 f l u x  
u n i t s  on the  same three days (Bruzek, 1963). 
- 22 2 
4.  X-ray Emissions - In tense  X-ray emission was de tec ted  
d i r e c t l y  by the  Injun I S a t e l l i t e  (Van Allen e t  a l .  , 
1965). The count ing ra te  increased  t o  3 times normal 
on 18 J u l y  and 50 times normal on 20 J u l y  i n  the wave- 
length  band 0-1461 (hard X-rays) i n  synchronizat ion with 
the  two f l a r e s  descr ibed.  
5. Cosmic Rays - Increases  of  12% on 18 J u l y  and 5% on 20 
J u l y  were noted above g a l a c t i c  background on ground 
l e v e l  neutron monitors.  However, i t  i s  l i k e l y  t h a t  
p a r t i c l e  emission a t  the  sun may have been g r e a t e r  on 
the  20th,  b u t  f a i l e d  t o  reach the  e a r t h  because of 
geometry., 
-- I n t e r p r e t a t i o n  
11 J u l y  i s  shown i n  Fig.12, and s i g n i f i c a n t  conjunct ions  are l i s t e d  
below. The t i m e  of Jup i t e r -Sa tu rn  conjunct ion i s  f e l t  by many au tho r s  
t o  be s i g n i f i c a n t  f o r  s o l a r  a c t i v i t y .  The Bol l inger  t a b l e s  extend from 
1900 t o  1959, so that the 7-planet t i d e  and i t s  ra te  of change cannot 
be obta ined  from t h a t  source fo r  the November 1960 and J u l y  1961 events .  
me 2-plane t  t i d a l  fo rce  on 11 June 
j u q c t i o n  was 4.4 (Table 18); 25  days later (one s o l a r  revolu t ion)  the 
Mercury-Earth conjunct ion took place. During the f i r s t  week of J u l y  
$961, the  f i v e  major t i d a l  p l ane t s  - Mercury, Venus, Ea r th ,  J u p i t e r  
and Sa turn  - were wi th in  40' longi tude of  each o the r .  
s i g n i f i c a n t  conjunct ion took place between Mercury and J u p i t e r .  
sunspot  group grew r a p i d l y  following t h a t  da t e .  
I h e  p lane ta ry  conf igura t ion  f o r  the  month preceding 
the d a t e  of the Venus-Jupiter con- 
On 6 J u l y  a 
The 
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Table 18. Ottawa 10.7 c m .  Radio Flux a i l y  Means for June, July 1961. 
(Quarterly Bullet in IAU). Units  -loe2’ watts/m2(c/s). The Passages 
of the Active Center are shown, and the date8 of the Venus-Jupiter and 
Mercury-Jupiter conjunctions.  
1961 Dnte 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
1 7  
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
June 
East Limb 
V,  J coaj  
CMP - 
West Limb 
86 
88 
92 
89 
86 
88 
89 
91 
100 
102 
IloJ 
108 
114 
123 
129 
132 
137 
136 
131 
131 
132 
134 
135 
117  
11 1 
108 
99 
95 
102 
103 - 
July 
104 
99 
104 
103 
Me, J conj 4 x 1  
East Limb 
C M P -  
West Limb 
102 
105 
10 7 
112  
124 
138 
137 
14 1 
136 
136 
132 
137 
131 
126 
123 
118 
119 
118 
118 
1 1 7  
115 
111 
105 
10 3 
92 
91 
76 
Pluto 0 H Urinur 
1800 
Figure  12. P l a n e t a r y  Configurat ion One Month P r i o r  t o  the  
Proton Events  of 11-21 J u l y  1961. 
(American Ephemeris, 1961). 
- Date P lane t s  Longitude 
May 1 Mercury Earth 
Hay 5 Mercury Venus 
May 14 Mercury J u p i t e r  
Jun  12 Venus J u p i t e r  Sa tu rn  
Jun 27 Mercury Earth 
Jun  28 Venus Uranus 
J u l  5 Mercury Sa t u r n  
J u l  6 Mercury J u p i t e r  
J u l  6 Venus P lu to  
J u l  16 Mercury P lu to  
J u l  13 Mercury Uranus 
35O, 215' 
59O, 239' 
1 1 5 O ,  295' 
296- 8' 
2 74' 
324O, 145O 
296' 
298' 
336O, 156O 
325O, 145' 
336O, 156' 
77 
CONCLUSIONS - 
On the  bas is  of s tud ie s  of cyc le  17 ,  18 and 1 9 ,  i t  i s  poss ib le  
t o  conclude that  high energy proton events  occur i n  two major peaks 
about 2 years  before and 2 years  a f t e r  the peak sunspot number R 
followed by a smaller peak occurr ing  3-4 years  a f t e r  Rm. 
shown t h a t  'most c h a r a c t e r i s t i c s  of major s o l a r  a c t i v i t y  follow the 
same three- peaked cycle  including: a r e a s  of g i an t  sunspots,  frequency 
of g i a n t  sunspots, frequency of l a rge  f l a r e s ,  green coronal l i n e  in- 
t e n s i t y ,  occurrence of geomagnetic c rochets  and sudden commencement 
storms, and E Bnd F layer  ionospheric i nd ices ,  and t h a t  where known, 
these i n d i c e s  show a similar >peaked pa t t e rn  f o r  s o l a r  cycles  12- 19. 
m' 
It can be 
2 
It i s  now possible  to  e s t a b l i s h  nine c r i t e r i a  f o r  the occurrence 
of major proton f l a r e s .  Most of the f ea tu res  l i s t e d  below have been 
recorded over the 130 year  period of q u a n t i t a t i v e  s o l a r  observations.  
'Ihus It  i s  f eas ib l e  now t o  s tudy e a r l i e r  s o l a r  cyc les  and determine 
major proton f l a r e  a c t i v i t y  with a high probabi l i ty .  A long period 
of proton event cyc le s  i s  necessary f o r  long range predic t ions  of 
fu tu re  solar a c t i v i t y .  The nine c r i t e r i a  are as  follows: 
1. 
2 .  
3. 
4. 
5 .  
6 .  
'Ihe p lage  - sunspot region must be i n  second o r  l a t e r  
passage. 
The sunspot area mus t  be g r e a t e r  than 1000 mi l l i on ths .  
The penumbra mus t  enclose umbra of opposi te  p o l a r i t y  
(del ta  conf igura t ion) .  
The f l a r e  must  cause a magnetic c rochet ,  o r  shor t  wave 
fade (SWF) which follows the t i m e  of the  f l a r e  maximum 
i n t e n s i t y  . 
The f l a r e  must cover a s i g n i f i c a n t  p a r t  of the sunspot 
unbrae. 
! 
The f l a r e  must be accanpanied on the same d i sk  passage 
by the  loop prominence system. 
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7. The spot group must be magnetically complex, beta 
or be ta- gamma. 
8 .  The f lare  must occur a t  an ac t ive  Carrington longitude. 
9 .  The f lare  must occur near one of the three peaks of 
major a c t i v i t y  i n  the cyc le .  
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7. P R O T O N  EVENTS OF CYCLE 20 
7.  PROTON EVENTS OF CYCLE 20 
Proton even t s  u s u a l l y  occur a f t e r  a c l o s e l y  spaced sequence 
of conjunct ions  of the p l a n e t s  Mercury, Venus, Ear th  and J u p i t e r ,  
some of which a r e  i n  a l ignment  w i t h  a n  a c t i v e  longi tude  on the  sun. 
Occas iona l ly  conjunct ions  of 3 o r  more o t h e r  p l a n e t s  may be s i g n i f i -  
c a n t  i n  t r i g g e r i n g  an event .  The number of conjunct ions  of the four  
t i d a l  p l a n e t s  i s  two o r  t h ree  times average dur ing  the two month 
per iod  preceding major s o l a r  events .  
i s  d e f i n i t e l y  non- random before  the events .  
The concent ra t ion  of conjunct ions 
Since only t h e  f i r s t  h a l f  of cyc le  20 i s  a v a i l a b l e  f o r  s tudy ,  
one non-GLE event  w i l l  be discussed.  
appeared i n  March 1966 and is an  e x c e l l e n t  s u b j e c t  f o r  s tudy because 
of t he  previous low l e v e l  of a c t i v i t y .  The consequent i s o l a t i o n  from 
background and o t h e r  sources  o f  act ivi ty  e l i m i n a t e s  ambiguity.  
The f i r s t  major a c t i v e  c e n t e r  
The f i r s t  GLE of cyc le  20 took p lace  on 7 J u l y  1966. I t s  
an teceden t s  resemble the  23 February 1956 event  a s  does the  Carr ington 
long i tude  involved. The region revived i n  August t o  produce events  
on 28 August and 2 September. 
The h ighes t  energy event  occurred on 28 January 1967 from a 
r eg ion  on the f a r  s i d e  of the  sun with a s h o r t  previous h i s t o r y  a s  
was a l s o  the case  f o r  7 J u l y  1966. 
High a c t i v i t y  i n  1969 i s  a l s o  d iscussed .  Ground l e v e l  events  
(GLE) occurred i n  la te  February and March and on 10 A p r i l  1969 
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from one a c t i v e  center ,L*88:  
increase  i n  precis ion and q u a n t i t y  i n  the period from 1967 t o  
1969. 
Solar  monitoring shows a g rea t  
Cycle 20 appears  t o  be a s  a c t i v e  a s  cyc le  18 i n  rad io  
f l u x  and high energy proton events  (GLE), although i t  is d i f f i c u l t  
to -d iscount  increased s e n s i t i v i t y  of instrumentat ion.  On the  
o t h e r  hand, the sunspot number i s  d e f i n i t e l y  lower than cyc le  19. 
I. PROTON EVENT OF 24 MARCH 1966 
The f i r s t  important  a c t i v e  c e n t e r  of the  20th cyc le  appeared 
Previous  t o  the i n  l a t e  February 1966 a t  N 18' and longi tude  146'. 
appearance of P lage  8207, t h e  sunspot number and 10 cm r a d i o  f l u x  
ha.d been a t  a c o n s i s t e n t l y  low l eve l .  The Zurich sunspot  number 
had been below 50 except  f o r  a few days ,  and many days had been 
s p o t l e s s .  Following the  February passage,  the  yellow coronal  l i n e  
( i n d i c a t i n g  T = 4x10 
l imb,  i n d i c a t i n g  presence of  an  a c t i v e  c e n t e r  which could produce 
pro tons .  The l ong i tude  was unusual f o r  an a c t i v e  c e n t e r  e a r l y  i n  
6 degrees  K in  t he  corona) was observed a t  west 
t he  c y c l e ,  bu t  t h e  l a t i t u d e  was low enough t o  f i t  t he  i s o l i n e s  of 
ano the r  l ong i tude  group, which appeared f o r  6 e a r l i e r  c y c l e s  
(Vit insky)  (Warwick, 1965). 
The March 1966 a c t i v e  cen te r  produced 146 o p t i c a l  f l a r e s  
and 155 r a d i o  b u r s t s  on 10 cm (Fan e t  a l . ,  1968), and on 24 March 
produced a proton event .  Although a c t i v i t y  dec l ined  a f t e r  the  
March passage,  a n o t h e r  c e n t e r  approximately 180 away produced 0 
f r equen t  10 cm r a d i o  b u r s t s  and f l a r e s ,  r e s u l t i n g  i n  the  March- 
A p r i l  per iod be ing  the most ac t ive  r a d i o  per iod du r ing  the  e n t i r e  
yea r .  
The even t s  observed on the sun dur ing  the  March passage 
were a s  fol lows:  
1. U r g e  Sunspot Group of maximum area 900 m i l l i o n t h s  
on i t s  second passage,  The Carr ington  longi tude  
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was 146', conforming t o  one o f  the  northern a c t i v e  
longi tudes (Vitinsky, 1965). The plage a rea  was 
9500 m i l l i o n t h s  on 22 I4ay (CNP). 
2. H cy Fla re  - occurred on 24 March with a proton 
counting r a t e  20 times ambient i n  the  energy range 
12- 70 MeV (Fan e t  a l . ,  1968). 
3. Sunspot Magnetic F ie ld  - the  magnetic f i e l d  was beta- 
gamma, and the  spo t  group was c lassed  as  Zurich c l a s s  
G on 24 March. 
The following solar- t e r r e s t r i a l  e f f e c t s  were noted: 
1. X-Rays - Bursts over 10 times ambient f l ux  i n  the 
0-8g band were recorded on 15, 1 7 ,  20. 23, 26 and 
29 March (see Table 19). 
2.  Radio Noise - type I V  continuum emission was recorded 
d a i l y  f o r  nine days from the  appearance of the  a c t i v e  
c e n t e r  on 15 March. 
5 
3. Protons - above 20 MeV had a peak f lux  of 15x10 
2 part ic les /cm - sec. 
4. A Magnetic Storm - occurred the next  day, accompanied 
by a Forbush decrease.  
I n t e r p r e t a t i o n :  
and on 26 January of Venus and Earth.  
On 3 Jan the re  was a conjunction of Venus and Jup i t e r ,  
No opposi t ion of J u p i t e r  and 
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the  e a r t h  took place,  although the two p lane ts  were c lose  i n  longi- 
t u d e  i n  e a r l y  January.  
p lace  between Uranus and Plu to  i n  opposi t ion t o  Mercury Mars and 
On 13 Feb. a f ive  p lane t  conjunction took 
Saturn. 
and X-ray source beginning on 2 1  o r  22 February. 
The a c t i v e  cen te r  developed soon a f t e r  and was a r a d i o  
Yellow coronal  
l i n e  emission from the region was noted on the same da te .  On 8 
March, another  5 p l ane t  conjunction took place between Ear th ,  
Uranus and P lu to  i n  opposi t ion t o  Mars and Saturn,  On 15l March, 
four  p l ane t s  were i n  alignment,  Mercury Uranus P lu to  i n  opposi t ion 
t o  Saturn.  
Mercury and the Earth.  (See Figure 13). 
Fina l ly  on 2 1  March there  was a conjunction between 
The 10 cm rad io  f l u x  was elevated a t  the  time of the  f i v e  
p l ane t  conjunct ions on 13 Feb. and 8 March, and again on 19 March 
and 21 March, two o the r  conjunction da te s .  The SOLRAD S a t e l l i t e  
had been monitoring X-rays i n  four wavelength bands. The f l u x  
l e v e l s  i h  one X-ray band and 10 cm a r e  shown f o r  February and 
March 1966 i n  Table 19. The increase i n  X-ray f l u x  i s  much g r e a t e r  
on conjunct ion d a t e s  than f o r  10 cm r ad io  f lux .  
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Table 19. Daily X-Ray and2Radio Flux for January-Mqph, 1969. 
Units: 0-82: ergslcm -c / e ) ;  10 cm. radio: 10- wattsbm (CIS). 
The passage of the ac t ive  center is shown, and the dates of 
s ign i f i can t  conjunctions. - 
DATE 
65- 6f 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13  
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23  
24 
25 
26 
27 
28 
29 
30 
31 
-
- 
JANUARY 
X-Ray Radio 
2.37 82 
1.53 79 
0.2 
v J c o n j 4 - W  
Plage . 
CXP 
MeJ con) 
#8231 - 
0.30 80 
' 2.18 81 
1.44 84 
1.56 87 
3.31 93 
2.95 102 
3.35 106 
1.64 102 
7.48 109 
2.75 102 
1.61 95 
1.43 94 
92 
I 3.85 105 
.imq 
-- 
0.80 88 
VE coria A W a  
L" =141 0.68 82 
0.66 81 
0 .54  81 
0.33 78 
78 -- 
FEBRUARY 
X-Ray Radic 
0.35 79 
1.85 79 
1.49 80 
1.59 82 
0.40 83 
0.49 85 
MeE conj 10.501 
0.50 85 
MeV conj  L r & =  @ 
0.70 85 
LW33O 0.66 86 
0.77 85 
0.59 86 
0.60 86 
0.47 85 
0.41 84 
2.25 84 
1.52 81 
3.46 85 
4.58 85 I I - -  - -  -- - -  
MARCH 
%-Ray Radio 
EMaS - -  77 
L*=1280 - -  80 
UP c @ m  a 
- -  79 -- 79 
1.9 80 
5.0 94 
MO SUP. 
conj 
MeE- 
con) 
12.0 
97 
93 
90 
84 
84 
87 
95 
110 
110 
88 
Fig .  13. Plane ta ry  Configuration One Month P r i o r  t o  Proton 
DATE PLANETS LONGITUDE 
Event of 24 March, 1966. (American Ephemeris, 1966). 
-
Dec 18 Ear th  J u p i t e r  87' 
J a n  3 Venus J u p i t e r  88' 
J a n  26 Venus Ea r th  125' 
Feb 6 Mercury Ear th  316O, 136' 
Feb 9 Mercury Venus 327O, 147' 
Feb 13  Uranus P l u t o  (Mercury Mars Saturn)l67' (347') 
Mar 2 Venus Mars 182O, 2O 
Mar 8 Ear th  Uranus P lu to  (Mars Saturn) 167' (348') 
Mar 19 Mercury Uranus P lu to  (Saturn) 168' (349') 
Mar 21 Mercury Ear th  178' 
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11. PROlDN EVENT OF 7 Ju ly  19 66 
So much has  been w r i t t e n  about  t h i s  a c t i v e  c e n t e r  (Sveteka,  
1968) t h a t  only a few h i g h l i g h t s  w i l l  be repeated here .  
t he  spot group seemed t o  appear from nowhere on 28 o r  29 June,  
s equen t i a l  diagrams and photos show t h a t  remnants of  the  plage 
No. 8331 probably were incorpora ted  i n  the  new plage.  ( F o r t i n i  
and T o r r e l i ,  1968) (Svetkke, 1968). 
Although 
1. Sunspot Group - The a r e a  grew r a p i d l y  from less than 
100 on 3 J u l y  t o  1300 m i l l i o n t h s  on 7 J u l y .  
b r i g h t  plage c rossed  CMP a t  3 ,4  J u l y  a t  N 35' and 
Carr ington long i tude  L - 190'. 
The 
2 .  H cy F l a r e  - The 7 J u l y  f l a r e  covered a l l  bu t  one of 
the p r i n c i p a l  umbrcie. 
a s  a condi t ion  f o r  proton even t s  and r a d i o  b u r s t s  
(Dodson and Hedeman, 1964) (Jonah, 1967). 
Umbral coverage has  been noted 
3. Magnetic F i e l d s  - of  up  t o  3300 gauss  no r th  (3000 south) 
were recorded i n  the  By spo t  group (Soln. Dannye, 1966). 
Umbrae of both p o l a r i t y  were contained i n  the same l a r g e  
penumbra ( the  d e l t a  conf igura t ion) .  A r ap id  inc rease  of  
magnetic f l u x  was noted on 6 J u l y  (Severny, 1968) (Svetska,  
1968). 
The fol lowing so lar -  t e r r e s t r i a l  e f f e c t s  were noted: 
1. X-ray Emission - s i g n i f i c a n t  X-ray emission was de tec t ed  
by sa te l l i t e  (Van Al l en ,  1967) (Cline e t  al., 1968). 
2. E lec t rons  - the 7 Jul!r event was the f i r s t  recorded 
case of e l e c t r o n  emission from the sun (Anderson and 
Lin ,  1967). 
3. Protons - Protons were recorded a t  many s t a t i o n s  due 
t o  the favorable  geometry near  the w e s t  c en te r  of the 
d isk .  
ambient f lux .  Events were a l s o  recorded from t h i s  cen te r  
on 11 J u l y ,  16 J u l y  and 28 Ju ly .  (Dodson and Hedeman, 1969) 
The 7 Ju ly  event produced a GLE of 3% above 
4. - Radio Bursts  - occurred on 10.7 cm on 7 J u l y  (peak flux 
2650 times mean da i ly  f lux ) ,  (Solar Geophysical Data), 
accompanied by Type I V  synchrotron r ad ia t ion .  
5 .  Magnetic Stonn - A sudden commencement was observed 
on 9 J u l y  along with a Forbush decrease of 5%. 
I n t e r p r e t a t i o n .  The 1966 J u l y  event occurred e a r l y  in the  20th cyc le ,  
a t  the  one northern a c t i v e  longitude of importance a t  high l a t i t u d e  
L = 190'. (See Fig. 14 and Table 20). 
Again, a s  i n  February 1956 event ,  the Earth J u p i t e r  conjunction 
seemed t o  be the  t r i gge r ing  fac tor .  E a r l i e r  on 2 June there  was a con- 
junc t ion  of Mercury and J u p i t e r ,  on 15 June a quadruple conjunction 
of Mercury Uranus P lu to  and Venus and f i n a l l y  on 5 J u l y  a conjunction 
of Earth and Jup i t e r .  
produced the proton event was approximately i n  l i n e  with the 15 June 
quadruple conjunction. On 5 J u l y  the d a t e  of the  Earth Jup i t e r  con- 
junc t ion ,  the  a c t i v e  s o l a r  longitude L 
i n  l i n e  with the  conjunction. 
The Carrington a c t i v e  longi tude 190' which 
= 190' was again approximately 
Although the spot  group was born on the 
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d i s k  on 29 June, i t  grew i n  s i z e  r ap id ly  a f t e rwards  t o  a maximum 
a r e a  of 1300 m i l l i o n t h s ,  one of the l a r g e r  spot  groups thus  f a r  
i n  cyc le  20. 
‘Ihe 10.7 c m  r a d i o  f l u x  was e l eva ted  on the  day of t he  Mercury- 
J u p i t e r  conjunct ion ,  and increased very s i g n i f i c a n t l y  a t  t he  tiuie 
o f  the  Ea r th - Jup i t e r  conjunct ion  on 5 J u l y  (Table20). Again, the 
i n c r e a s e s  on meter wavelengths were more impressive,  bu t  the  gen- 
e r a l l y  high f l u c t c a t i n g  r a d i o  emission dur ing  the  peak of the 11- 
i 
year  cyc le  makes i n t e r p r e t a t i o n  d i f f i c u l t .  I n  terms of  the Takabashi 
square of the v e r t i c a l  p l ane ta ry  t i d a l  f o r c e ,  t he re  was minimum 
d u r i n g  the  middle of the  year  1966 (Takahashi, 1968). 
The proton even t s  of 28 August and 2 September 1966 occurred 
i n  an  a c t i v e  cen te r  loca ted  a t  L” = 185’ and l a t i t u d e  N20, very c l o s e  
t o  the  pro jec ted  pos i t i on  of the  a c t i v e  c e n t e r  which caused the 7 
J u l y  1966 event.  Deta i led  d e s c r i p t i o n s  of the  a c t i v e  c e n t e r  and 
even t s  can be found i n  the  l i t e r a t u r e  (Dodscn and Hedemen, 1968). 
A conjunct ion  took place between Mercury and Ear th  on 28 J u l y  
(Fig.  2) causing an  inc rease  of X- ray  and r a d i o  f l u x  (Table 2) . 
On 28 August there  was a conjunct ion  between Venus and J u p i t e r .  
The X-ray f l u x  increased from 0 . 5  on 16 August t o  1 9 . 2 ~ 1 0  
sec  on 27 August i n  the 0-82 band. 
-4 2 ergs/cm - 
. 
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Tab e 20. Da'ly X-Ray and Radio Flux for  May-J ly 1966. 
of the a c t i v e  center i s  shown, and the dates  of s i g n i f i c a n t  conjunctions.  
Units: 0-82: 
10- t .  ergs/cm % - s e c ;  10 cm. radio: watts/m Y - ( c / s ) .  The passage 
DA'I 
196 
1 
2 
3 
4 
5 
6 
7 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
-
a 
- 
MAY 
X-RAY RADI( 
~~ 
1.33 89 
1.30 93 
1.63 93 
1.98 91 
1.63 88 
1.12 87 
1.34 87 
0.24 86 
1.48 86 
1.27 85 
0.92 87 
- U - N  -L* A-km 
con j 1.33 91 
1.24 95 
1.71 97 
2.11 98 
1.71 97 
1.41 96 
3.30 105 
4.07 113 
5.64 121 
4.29 115 
5.64 112 
e -Ma- N 
L*con j 3.24 111 
2.21 109 
2.21 105 
1.72 105 
1.58 103 
1.07 99 
1.48 102 
1.6 
1.15 
1.15 
1.13 
0.94 
1.2 
0.92 
0.96 
1 .oo 
0.90 
0.85 
1.08 
Me-V-S 1.14 
conj 0.79 
- u- P +T+- 
0.68 
0.67 
0.65 
0.58 
0.92 
0.84 
0.82 
1.2 
1.3 
2.4 
1.04 
1.9 - 
102 
101 
LOO 
99 
99 
98 
94 
96 
96 
93 
94 
93 
g 
92 
94 
96 
96 
94 
92 
91 
93 
96 
100 
102 
102 
98 
98 
96 
97 - 
~~ 
JULY 
x- RAY RADIO 
1.3 
16362 I 1.2 101 
I 1.3 106 
5-5 Conj- 
1.4 110 Ll;; 104 11
105 
5.1 106 
4.2 100 
1.6 97 
1.7 97 
1.7 98 
1.6 99 
1.6 98 
'1.1 98 
1.1 98 
1.3 98 
1.9 100 
1.7 102 
3.6 111 
6.5 116 
5.5 123 
6.0 123 
3.1 120 
conj 3.7 128 
Me-E 
2.7 123 
2.8 121 
93 
0 Pluto 
+ Uranus 
1800 
' oo + Saturn 
Fig. 14. Planetary conf igura t ion  One Month P r i o r  t o  Proton 
Event of 7 J u l y  1966. ( h e r i c a n  Ephemeris, 1966) 
Date 
Apr 11 
-
May 13 
May 28 
Jun 2 
Jun 15 
Jun 17 
J u l  3 
Jul 5 
J u l  12 
J u l  22 
J u l  24 
Jul 28 
PLANETS 
Mercury Venus 
Mercury (Saturn Uranus Pluto)  
Mercury (Earth Saturn)  
Mercury Jup i t e r  
Mercury Uranus P lu to  (Venus) 
Venus Saturn 
Mercury Neptune 
Earth J u p i  t e  r 
Mercury Mars 
Mercury J u p i t e r  
Venue Neptdne 
Mercury Earth 
WNGI TUDE 
246O 
378O( 168') 
70°( 352') 
168O( 349') 
352' 
2 30' 
284O, 104O 
256O, 77O 
284O, 104' 
51°, 23L0 
looo 
30 3' 
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111. PROMN EVENT OF 2 8  JANUARY 1967 
'Ihe a n a l y s i s  of the 28 January 1967 event  m u s t  be based l a rge ly  
on i n d i r e c t  evidence,  because the ground l e v e l  event  (GLE) o r ig ina t ed  
on the  f a r  s i d e  of the sun (60' beyond the West Limb), and from a new 
unimpressive plage and spo t  group. The same a c t i v e  longi tude was re- 
spons ib le  f o r  the 24 March 1966 event ,  and the re  had been a c t i v i t y  in  
neighboring c e n t e r s  f o r  a lmost  a year .  (Sawyer, 1968). On 12.9 Feb 
a Large plage a t  N 22' and L =124O crossed  CMP, a l though the spot  group 
was very  small .  This was a new plage formed from remnants of an old 
plage a t  N 26' and L 135, which- crossed C3lP on 16.0 January.  
observed included: 
Fea tures  
1. H a  F l a r e s  - i n f e r r e d  from GLE on 28 January from the  f a r  
side of the sun (Lockwoo.d 1968) (Dodson-Hedeman 1969) and 
observed on 6 and 13 February. The l a t t e r  was a Class 4 
f l a r e ,  bu t  wi thout  protons. 
The fo l lowing  so la r -  t e r r e s t r i a l  e f f e c t s  were noted: 
1. Ground Level Inc rease  of  16% on 28 January.  
2. Forbush Decrease reached maximum on 9 February.  
I n t e r p r e t a t i o n .  The a c t i v e  longi tude was i n  alignment with the  27 
November conjunct ion  of  Mercury and J u p i t e r ,  with the  24 December 
conjunct ion  of Venus and J u p i t e r  and the  18-20 January conjunct ion 
of Mercury, Ear th  and J u p i t e r .  
of radio and X-ray emission on the  conjunct ion d a t e s  (Table 11) (Fig.  15). 
In each case  t h e r e  was a n  inc rease  
There was a rap id  decrease  in t he  v e r t i c a l  t i d a l  func t ion  preceding 
t h e  event (Takahashi, 1967). 
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Table 21. 
The passage of the a c t i v e  center i s  shown, and the dates  of s i g n i f i c a n t  
planezary conjunctions (Quart Bull  IAU) (Solar Geophys. Data). 
X-ray and Ra i o  Flux Daily Means for December 1966 and January, 1967. 0-81 Units:  LO- 4 Ergs/crn2- Sec:lOcm. Units  - lo* watts/m2 (c/s: .  
I 
c-- 
No vem be r 
X-RAY RADIO 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1-44 96 
1.33 98 
1.24 95 
0.83 93  
2.55 100 
2.74 107 
4.08 116 
2.01 119 
1.50 119 
2.51 124 
3.49 129 
2.15 129 
4.39 129 
3.75 127 
5.34 125 
4.09 124 
Me-E conj ~ ~ l - - ~  
3.23 116 
4.66 114 
2.75 114 
4.21 113 
12.53 119 
2.16 118 
3.59 1 1 7  
2.29 114 
2 49 110 
8.93 107 
Me- J conj 
2.36 101 
2.35 97 
Dec ernbe r 
X-RAY RADIC 
1.15 95  
2.12 97 
2.17 102 
2.41 108 
3.10 115 
3.36 119 
6.52 122 
6.00 128 
13.34 149 
24.09 162 
18.70 168 
9.39 163 
5.89 160 
5.76* 153 
6.60 148 
140 
129 
115 
116 
111 
110 
109 
114 
V-J conj 
111 
113 
118 
124 
.. 
January 
X-RAY RADIO 
4.32 139 
4.15 131 
8.07 125 
2.89 122 
5.55 1 2 1  t 5.75 120 
131 
148 
161 
167 
174 
167 
160 
149 
152 
149 
14 7 
145 
144 
PO. 72 
5.51 
5.16 
7.46 
8.81 
6.85 
6.67 
18.40 
11.99 
132 
146 
4 3  - 
133 
152 
14 7 
160 
162 
162 
164 
163 
162 
*No X-ray measurements from 16 Dec. thru 1 3  Jan. due to large aspect  angle .  
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F i g .  15. 
DATE -
Nov 
Nov 17 
Nov 27 
Planetary Configuration One Month Prior t o  Proton 
Event of 28 January 1967. 
PLANETS LONGITUDE 
(American Ephemeris, 1969). 
14 Venus Neptune 2 33' 
Mercury Earth (Venus) 58' (238') 
Mercury Jupiter 115' 
k c  6 Mercury Mars 161' 
D e C  7 Mercury Pluto 165' 
Dec 8 Mercury Uranus 170' 
Dec 24 Venus Jupiter 297O, 117' 
Jan 20 Mercury (Earth Jupiter) 299' (119') 
Jan 28 Venus (Mars Uranus) 350° (170') 
Dec 25 Mercury Neptune 233' 
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IV. PROTON EVENTS OF 30 MARCH, 10 APRIL 1969 
f i e  region t h a t  was a c t i v e  dur ing  February,  March and A p r i l  
was f i r s t  seen i n  January.  A t  least  two sepa ra t e  spot  groups 
merged t o  form the  massive sunspot  stream. On the February passage 
the plage a r e a  increased  t o  10,000 m i l l i o n t h s .  Or, 20 February a 
small GLE (5%) took p lace  near  N13', L = 72'. X-ray enhancements 
g r e a t e r  than 2 o rde r s  of magnitude i n  the  1-8g band took place on 
fou r  occasions dur ing  the February passage. On the March passage, 
X-ray a c t i v i t y  was even g r e a t e r  and a GLE was recorded on 30 March. 
During A p r i l  high energy proton even t s  were observed by S a t e l l i t e  
on 10 Apri l  (beyond East limb) and on 30 A p r i l  (beyond West l imb).  
On the  March passage,  the  f e a t u r e s  observed on the sun were: 
1. GLent Sulupot Stream between N14 and N22 extended 
over 70' of longi tude .  The plage reached the  enor- 
mous s i z e  of 28,000 m i l l i o n t h s  on 21 March, bu t  the 
accompanying sunspots  were less impressive,  reaching 
a maximum area of only 920 m i l l i o n t h s  on 22 March. 
2.  Sunspot Magnetic F i e l d s  of up to  3000 gauss were 
measured a t  v a r i o u s  times dur ing  the  March passage. 
The s t r o n g e s t  f i e l d s  were loca ted  a t  l ong i tudes  
L = 100-106° and L = 56-66". 
3.  HCY F l a r e .  The proton f l a r e  occurred on 30 March when 
the reg ion  was a t  the West l imb, so the  exac t  l o c a t i o n  
i n  the stream i s  d i f f i c u l t  t o  p inpoin t .  
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The events  observed a t  the e a r t h  and by s a t e l l i t e  a re  a s  
fol lows:  
1. Proton Flux was de tec t ed  f i r s t  by VLF pa ths  and by 
the Pioneer  and VELA S a t e l l i t e s  and then by ground- 
based riameters and neutron moni tors ,  on 30 March, 
10 A p r i l  and 30 Apr i l .  
2. Ground Level Inc rease  of 4.5% was de tec t ed  on 30 
March by t h e  Deep River neutron monitor.  
3. X-ray b u r s t s  were recorded by the  SOLRAD S a t e l l i t e ,  
with inc reases  of 2 orders  of magnitude on a t  l eas t  
s i x  occasions dur ing  the March passage. 
4. Radio Burs t s  on 2800 Mc/s were recorded on 12, 21, 
and 27 March of 1600, 1875 and 900 f l u x  u n i t s ,  
r e s p e c t i v e l y  . 
5. Forbush Decrease took place on 24 March .following a 
2B f l a r e  on March 21. P a r t i c l e  enhancement had been 
ob served by sate 11 i t e  . 
6 .  Aurora were v i s i b l e  as f a r  south as  Texas on 23 March. 
7.  Sudden Enhancements of Atmospherics(SEA) occurred a l s o  
on 22 March. 
8. A Shor t  Wave Fade took place on 23 March. 
I n t e r p r e t a t i o n .  me X-ray and r ad io  d a i l y  means were enhanced on 
7 Janua ry  (Table22) a t  the  time of  the Mercury-Mars- Jupi te r -Uranus  
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conjunction, i n  approximate al igrment  with the  s o l a r  longitude of 
the a c t i v e  cen te r .  
J u p i t e r  on 3 December 1968 &ay have a l s o  been s i g n i f i c a n t . )  
conjunctions were not  accompanied by X-ray and r ad io  enhancements 
u n t i l  the  Earth-Jupiter-Uranus conjunction on 21 March, i n  l i n e  
with L = 84' on the sun. 
the  d a t e  of the Venus-Jupiter-Uranus conjunction. 
(An e a r l i e r  conjunction between Venus and 
Other 
I 
Enhancements were noted also on 29 March, 
In  terms of 
Takahashi's v e r t i c a l  t i d a l  f o r c e ,  there  was a s t eep  increase  i n  
l a t e  1968. 
Table22. Daily Solar X-Ray and Radio Flux fo r  January, February and 
March, 1969. 
Units: X-Rays - ergs/cm2-Sec; 10 cm. radio-10- watts/m2- 
(c /s) .  
r t e r l y  Bull . ,  IAU)(Solar. Geophysical ? p ,  ESSA) . 
'Ihe passage of the ac t ive  center is shown and the da tes  of 
Je-E 
coni  
s ign i f i can t  conjunctions. 
0.67 134 
0.52 130 
-4 0 . 5 1 H  1331 
- 
DATl 
19 6! 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
13 
14 
15 
16 
1 7  
18 
19 
20 
2 1  
22 
23 
24 
25 
24 
27  
28 
29 
30 
31 
-
- 
1.51 145 
1.24 147 
1.62 149 
3.32 160 
0.83 168 
1.57. 182 
&-Ma- J d  3.25 H 189 I 
U conj 2.24 189 
2.11 190 
0.97 175 
0.58 174 
0.92 169 
0.85 163 
0.88 158 
1.01 159 
0.86 158 
1.67 154 
3.17 149 
0.77 136 
0.89 136 
0.54 138 
0.36 129 
1.39 138 
0.83 147 
0.58 136 
0.47 130 
FEBRUARY 
O-SX* RADIO 
5.30 
0.72 
0.86 
0.55 
0.66 
0.92 
1.46 
1.20 
0.66 
Me-J 4-k 
conj 
CMP - 
Me-J - 
con j 
t 14 
de ys 
134 
14 3 
143 
142 
14 3 
144 
138 
134 
i43 
.pq 
1.49 132 
0.61 128 
0.83 129 
0.66 128 
0.38 131 
0.51 138 
0.55 143 
0.90 154 
1.79 163 
0.70 173 
0.44 i 2 8  
1.46 189 
3 . 5 2 H M  
5.71 210 
3.66 211 
9.95 193 
17.89 201 
. 5.90 184 
* 
Average of hourly values. 
MARCH 
O-Sx* RADIO 
4.9 170 
1.41 155 
1.69 150 
0.65 142 
0.65 146 
0.77 142 
0.69 140 
0.45 142 
1.22 144 
1.81 140 
1.06 138 
17.21 140 
1.58 136 
2.04 140 
3.46 148 
3.18 177 
3.08 202 
4.37 213 
2.97 210 
1-J: 
con: 
L J  - 
con. 
3.82 220 
3.28 224 
11.56 214 
2.6 197 
2.46 182 
10.24 204 
17.68 183 
3.82 178 
7.52 188 
1.31 186 
I4.s4Mla7] 
101 
180' 
0 Pluto \ ,  e, Uranus 
Mars [ 
0 Neptune 
/ 
270' 
0 
Sun 
00 
90' 
/ 
Fig.  16. Plane ta ry  Configurat ion One Month P r i o r  t o  Proton 
Event of 10 A p r i l  1969 (American Ephemeris, 1969). 
DATE -
J a n  7 
J a n  20 
J a n  29 
Feb 9 
Feb 15 
Feb 26 
Mar 7 
Mar 21 
Mar 29 
Apr 6 
Apr 8 
Mercury 
Mercury 
Mercury 
Mercury 
Mercury 
Mercury 
Wars . 
Ear th  
Venus 
Mercury 
Mercury 
PLANETS 
(Mars J u p i t e r  Uranus) 
Venus 
Ear th  
J u p i t e r  Uranus 
Mars (Saturn) 
Neptune 
Sa tu rn  
J u p i t e r  Uranus 
J u p i t e r  Uranus 
( J u p i t e r  Uranus) 
(Venus Earth) 
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LONG1 TUDE 
360°( 180') 
72' 
127' 
180' 
206' (2 6O) 
2 35' 
207O, 27' 
181° 
182' 
4'( 182') 
1 5' ( 19 SO) 
3 saturn 
v. LONG RANGE PREDICTION, CYCLE 20 
A t r i a l  p red ic t ion  method has  been at tempted over a per ibd 
of fou r  y e a r s ,  i n d i c a t i n g  the da tes  of the  14-day passage of s o l a r  
a c t i v e  c e n t e r s  which could produce proton events .  The f o r e c a s t s  
were begun i n  June 1965, pred ic t ing  s o l a r  a c t i v i t y  120 days i n  ad- 
vance. During the f i r s t  year  of f o r e c a s t i n g ,  the a c t i v e  longi tudes  
had n o t  been included,  and the method underwent s e v e r a l  o the r  im-  
provements. During the  l a t e s t  three y e a r s ,  twelve proton events  
(PE) have been success fu l ly  pred ic ted  by the method ou t l ined  
(Table23). To check the v a l i d i t y  of the p red ic t ion  method, w e  
d e f i n e  t h r e e  r a t i o s .  The f i r s t ,  S e n s i t i v i t y  (S) ,  i s  the  r a t i o  of 
the  number of c o r r e c t l y  pred ic ted  P E / t o t a l  number of PE. 
second, termed R e l i a b i l i t y  (R) , is t he  r a t i o  of c o r r e c t l y  pred ic ted  
P E / t o t a l  number of p red ic t ion  per iods.  
commonly used f o r  eva lua t ing  p red ic t ions ,  by ESSA personnel  among 
The 
m e  S and R r a t i o s  a re  
o t h e r s .  The t h i r d ,  a l e r t  time ( T ) ,  i s  the  r a t i o  of the  time dur ing  
which proton even t s  were f o r e c a s t e d / t o t a l  t i m e .  From the  t o t a l s  i n  
Table 23,one can ob ta in  the  three r a t i o s  f o r  the  per iod from June 1, 
1966, through May 31, 1969 : 
Both the  S e n s i t i v i t y  (S) and R e l i a b i l i t y  (R) r a t i o s  are h igh ,  d e s p i t e  
t he  f a c t  t h a t  proton events  were p red ic t ed  only  22% of the t o t a l  t i m e .  
Many f a i l u r e s  t h a t  d id  occur  were due t o  the  slowly changing a c t i v e  
long i tudes  on the sun,  or (2) events  t ak ing  p l ace  on a d i f f e r e n t  
passage of  t he  same a c t i v e  center  o r  (3) from even t s  on the  f a r  s i d e  
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Table23.  Proton Events from June 1966 through 
May 1969 Compared t o  120-Day P red ic t ion .  Ground 
Level Events a r e  underl ined.  Parentheses  show 
t iming e r r o r  of less than 4 days.  
Year 
1966 
1967 
1968 
1969 
"UTAL 
* 
? red ic t ed  14 
S t a r t i n g  
d. Per iods  
Successes  
9 J u l  
27 S u l  
26 Aug 
12 Nov 
23 Jan  
24 Feb 
10 Jun 
7 Aug 
19 Aug 
5 Nov 
13 Dec 
15  Feb 
14 Apr 
22 May 
23 Aug 
22 Oct  
4 Apr 
17 
X 
X 
x x  
X 
X 
12 
Observed 
Events (ESSA) 
9 Jul 
28 J u l  
28 Aug,2 Sep 
5 Oct 
~ 2 8  Jan  
11 Mar* 
25, 28 May 
6 Jun  
2 Nov 
3, 16 I k c  
9 Jun 
8 Jul 
31 Oct 
28 Feb 
30 Mar 
10 Apr 
19 
"Event on Far  Side of Sun 
104 ', 
of the sun , or  (4) combinations of the  o ther  p lane ts .  
improved S e n s i t i v i t y  and R e l i a b i l i t y  would r e s u l t  from f u r t h e r  
study of the longi tude system on the  sun and the  t i m e  developnent 
of a c t i v e  c e n t e r s ,  and from including a l l  n ine  p l ane t s .  
Therefore 
Ground l e v e l  events  (GLE) dur ing cyc les  18 through 20 a r e  
shown i n  Fig. 17, compared t o  Zurich smoothed sunspot numbers. 
Typical ly  one o r  two GLEs occur e a r l y  i n  the  cyc le  1.5 to  2 years  
before  sunspot maximum, RID. Two o r  three  a c t i v e  cen te r s  produce 
G L E s  l a t e  i n  the cyc le ,  s t a r t i n g  a t  l e a s t  one year  a f t e r  Rm, and 
the major i ty  of polar  cap absorpt ions (PCA o r  PE) occur a t  t h i s  
t i m e .  
P red ic t ions  f o r  the remainder of the  20th cycle  a r e  shown 
with dot ted  l i n e s  i n  Fig 17. 
is found from a regress ion  formula (Euler 1969) and the GLE d a t e s  
are est imated from sequences of planetary conjunct ions (Blizard,  
1969). I n  the l a t te r  case,  the t o t a l  no. of G U S  is a l s o  estim- 
a t e d  from the  o v e r a l l  a c t i v i t y  of cyc le  20 compared t o  e a r l i e r  
cycles .  
On the  o the r  hand, the shape of cycle 20 more resembles cycle  18 
because both have the same sunspot p o l a r i t y .  
The predicted smoothed sunspot number 
'Ihe Rn of cycle  20 is about equal  to  the E(m of cyc le  17. 
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d, 
18 
I 
I 46 I I 4a 1 I 50 I 1 5 2 1 .  
52 I I 54 I I 56 1 
19 
20 
‘.h, 
\ 
I 641 I 66 I I 68 I I 7 0 1  . I  72 1 1 74 1 
YEAR 
Figure 1Z  
of 11-year c y c l e .  (F ichte l  and McDonald, 1967) (Solar- 
Geophysical Data) (Bl izard,  1968). 
Major Proton Events of Cycles 18-20, by Phase 
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CONCLUSION 
The ove ra l l  a c t i v i t y  of cycles 17  through 20 may be canpared 
by vprious c r i t e r i a  f o r  example: 
1. Events of g rea t  magnitude (high energy o r  high f lux  
proton events).  
2. Ten-cm. Redio Flux.  
3. Sunspot Number. 
4. Sunspot Area 
On the b a s i s  of (1) Events of Great Magnitude and (2) Radio Flux, and 
sunspot a rea  cyc les  18 and 19 a re  about equal ly  a c t i v e ,  On the b a s i s  
of (3) Sunspot Number, cycle  19 was the  most a c t i v e  ever  recorded, and 
cyc le  20 i s  about equal t o  cyc le  17. 
s ized  spots were more frequent  than i n  e a r l i e r  cyc les  and l i f e t i m e s  
were shor t e r .  
During cyc le  19, smal l  and average 
The major solar a c t i v i t y  of cycle  20 (events thus far)  resemble 
the  two-peaked s t r u c t u r e  of even cycles ,  and the  e a r l y  and l a t e  appear- 
ance of GLE's, with an absence of high energy events  a t  the midpoint 
of the  cyc le .  
The antecedents  of the 7 July 1966 event  resemble those of the  
The f i r s t  GLE's of  three  cyc le s  (18, 19, 20) 23 February 1956 event .  
were located a t  the same a c t i v e  longitude L = 190'. 
0 
Proton events  a r e  predicted f o r  May- June 1970, November 1970 
and Msy-June 1971, provided t h a t  so la r  longi tudes a c t i v e  a t  the time 
a r e  i n  alignment with some of the  planetary conjunct ions involved, 
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8. P R O T O N  FLARE C R I T E R I A  
8 .  PROTON FLARE CRITERIA 
Several  t o p i c s  of importance f o r  fo recas t ing  of s o l a r  
a c t i v i t y  are d iscussed .  F i r s t ,  the non-random d i s t r i b u t i o n  i n  
Carr ington longi tude  of sunspots ,  f l a r e s ,  meter bu r s t s  and proton 
even t s  i s  surveyed. Short-range p red ic t ions  depend a l s o  upon the 
s o l a r  r o t a t i o n  ra te  f o r  f l a r e  a c t i v i t y ,  a s  d i s t i ngu i shed  from the 
r o t a t i o n  r a t e  of o t h e r  i d e n t i f i a b l e  f e a t u r e s .  
Second, the p r o b a b i l i t y  of major f l a r e  a c t i v i t y  depends 
upon the phase of the eleven-year  cyc le .  Major f l a r e  r e l a t e d  
a c t i v i t y  i s  n o t  c o r r e l a t e d  with the smoothed sunspot number, bu t  
r a t h e r  i s  r e l a t e d  t o  the frequency of l a rge  sunspots  (or sunspot 
a rea) .  S tud ie s  over  e i g h t  cyc le s  show t h a t  l a r g e ,  naked-eye sun- 
spots have a two or t h ree  peaked d i s t r i b u t i o n  during the eleven- 
year  cyc le .  
F i n a l l y ,  u l t r a -  long-range f o r e c a s t i n g  i s  discussed.  Detai led 
s tudy of the long s o l a r  cyc le  (80-90 year) i s  necessary f o r  f o r e c a s t s  
of the length  of cyc le  20, and the f e a t u r e s  of cyc le s  21 and 22.  
Regression formulas may n o t  be r e a l i s t i c  un le s s  the long cyc le  
modulation i s  taken i n t o  account .  
I 
c 
I. ACTIVE LONGITUDE: s 
There i s  a tendency f o r  sunspot a c t i v i t y  t o  occur in  c e r t a i n  
longi tude  zones of the sun. The concent ra t ion  is f a r  g r e a t e r  f o r  
f l a r e  a c t i v i t y  and even more s t r i k i n g  f o r  proton even t s  (Warwick, 
1965) and meter b u r s t s  (Haurwitz, 1968). 
Ear ly  s t u d i e s  (Losh, 1938) (Vit insky,  1960) made use of sun- 
spot  da t a  from the  Greenwich ca ta log  and showed t h a t :  
1. Active longi tudes  a r e  populated by long-l ived l a rge  
spo t  groups (Areas >500 m i l l i o n t h s ) .  
2. A c t i v i t y  reappears  a t  f ixed longi tudes  which a r e  s t a b l e  
over  s e v e r a l  cyc le s  (as d i s t ingu i shed  from d i f f e r e n t i a l  
ro t a t ion )  (Rubashev, 1964). 
Another i n v e s t i g a t i o n  has  implied t h a t  l ong i tud ina l  zones did 
no t  p e r s i s t  throughout cyc le  19 (Tro t t e r  and B i l l i n g s ,  1962). One 
explana t ion  f o r  this con t rad ic to ry  r e s u l t  may be the  l a t i t u d i n a l  ex- 
t e n t  of t he  zones,  which perhaps can b e s t  be v i s u a l i z e d  by Vi t insky ' s  
i s o l i n e  method (examples i n  Rubashev, 1964 and Warwick, 1965). Ear ly  
i n  the  11-year cyc le  s p o t s  a re  genera l ly  a t  high l a t i t u d e s ,  and no t  
a l l  o f  the a c t i v e  longi tudes  a r e  represented.  A t  the  beginning of 
c y c l e s  18-20 high l a t i t u d e  ground l e v e l  even t s  o r ig ina t ed  from the 
no r the rn  longi tude  zone L=180 -210' (events  of 25 J u l y  1946, 23 
February 1956 and 7 Ju ly  1966). (On t he  o the r  hand the  a c t i v e  cen te r  
of  January 1926 was s i t u a t e d  a t  N20° and 6-35'). 
y e a r  by year  dur ing  cyc le  19 of  sunspot a rea  by longi tude  (Bezrukova, 
1961), f l a r e s  by longi tude  ( P r a t t ,  1968) and proton even t s  by longi tude  
F'urthermore, s t u d i e s  
1 1 1  
(re- plot ted from Warwick, 1965) show t h a t  a c t i v i t y  appeared success- 
i v e l y  a t  the northern a c t i v e  longi tudes 180°1 320' and f i n a l l y  80'. 
Flare a c t i v i t y  e a r l y  in  cycle  20, however, appeared a t  a l l  
th ree  northern a c t i v e  longi tudes during the f i r s t  two years ,  1965- 
1967. B u t  non-GLE groups a r e  included, and f l a r e  pa t ro l  coverage 
and other  monitoring has  g r e a t l y  improved. The longi tudina l  d i s t r i -  
but ion of la rge  sunspots and proton events  i s  shown i n  Tables 24-29.  
A r e l a t e d  topic  i s  the so l a r  r o t a t i o n  r a t e  fo r  f l a r e s  and 
proton events.  Although the sunspot ro t a t ion  r a t e  has been exten- 
s i v e l y  s tudied,  i t  was shown recent ly  t h a t  sunspots of d i f f e r e n t  
c l a s s e s  may have d i f f e r e n t  v e l o c i t i e s  even a t  the same l a t i t u d e  
(Ward, 1966).  Other i d e n t i f i a b l e  s o l a r  f ea tu re s  (plages,  faculae,  
prminences) have a v a r i e t y  of r o t a t i o n  r a t e s  (Blizard and Epstein,  
1965). 
d i f f e r e n t  s o l a r  r o t a t i o n  r a t e s  (Newkirk, 1967). Of g rea t e r  import- 
ance f o r  f l a r e  pred ic t ion  a r e  the ro t a t ion  r a t e s  f o r  f l a r e s  and 
proton events (Warwick, 1965) (Wilcox and Schat ten,  1967)(Haurwitz, 
1968) (Van Hoven, Sturrock and Switzer ,  1968). The importance of 
s t a t i s t i c a l  methods for  such s tud ie s  cannot be overestimated. 
Furthermore, d i f f e r e n t  l e v e l s  i n  the s o l a r  atmosphere have 
Ta";le 24. Active Longitudes, Cycles 12-20, Determined from Sunspot 
Data, Cycles 12-18 (Vitinsky, 1964) and from Proton Event 
Centers,  Cycles 19-20 (Solar Geophysical Data, ESSA) 
(Cartes Synoptiques) . 
CYCLE 
1 2  
13 
14 
15 
16 
17 
18 
20 
19, 
Average 
- 
NORTHERN HEMISPHERE 
Ll L2 L3 
240' 125' 40' 
310 190 70 
250 165 45 
300 135 15 
290 130 50 
310 190 115 
240 180 85 
330 190 50 
332 153 69 
280' 159' 60' 
SOUTHERN HEMISPHERE 
L1 ' L2 L3 L4 LS - 
220' 25' 
310° 150' 70 
3 20 160 40 
2 20 100 
270 190 350 
2 20 15 
330 230 165 90 50 
338 265 141 86 53 
302' 208' 155O 102' 34' 
275 200 105' 0 
* 
1965- 1967 
Table 25. Solar  Coordinaterof F la re  Centers, Early Cycle 20. (Solar 
Geophysical Data, ESSA) (P. McIntosh, priva t e  c m u n i c a  tion) 
YEAR CMP DATE 
1965 Feb 3 
May 20 
Oct 2 
Dec 24 
1966 Jan 19 
Mar 21 
Apr 3 
J u l  3 
Aug 28 
1967 Jan 16 
May 24 
UT. LONG. 
+07O 160' 
+2 1 20 6 
+18 215 
+12 205 
+22 225 
+17 14 7 
+26 333 
+33 210 
+20 185 
+22 135 
+24 228 
PCA DATES 
Feb 5 
Mar 24 
J u l  7 ,  28 
Aug 28, Sep 2 ,  Oct 5 
Jan 28 
May 25, 28  
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Table 26. So la r  Coordinates  of 
Proton Event Centers ,  Northern 
Hemisphere, 1956- 1961 (Cycle 19) 
YEAR DATE LAT.N. L ~ N G .  
1956 Feb 23 
Aug 31 
1957 Jun  28 
Jun  30 
J u l  3 
Aug 31 
Sep 3 
Sep 12 
Sep 18 
Sep 21 
Sep 26 
1958 Aug 22 
1959 May 10 
J u l  10 
Jul 14 
J u l  16 
1960 Mar 29 
Apr 1 
Apr 5 
Apr 29 
May 4 
May 13 
May 26 
Jun  1 
Jun  27 
Aug 11 
Aug 14 
Sep 3 
O c t  29 
Nov 10 
Nov 12 
Nov 15 
Nov 20 
1961 Sep 28 
Nov 10 
23 
14 
LO 
10 
14 
25 
15 
10 
21 
9 
23 
18 
20 
21 
17 
16 
12 
12 
12 
14 
15 
30 
15 
30 
21 
22 
24 
20 
22 
22 
26 
26 
25 
14 
19 
18 6 
96 
74 
76 
76 
335 
334 
19 1 
84 
59 
329 
352 
60 
32 7 
3 30 
331 
128 
128 
131 
133 
132 
350 
128 
342 
66 
14 1 
140 
146 
183 
31 
28 
22 
34 
85 
1 
Table 27. So la r  Coordinates  of 
Proton-Event Cen te r s ,  Southern 
Hemisphere, 1956- 1961 (Cycle 19) 
YEAR DATE LAT.S. LONG. I 
1957 J u l  28 
Aug 28 
Oct 20 
1958 J a n  25 
Mar 23 
Aug 16 
1960 May 6 
1961 J u l  11 
J u l  12 
J u l  15 
Jul 18 
J u l  20 
24 
30 
26 
23 
15 
14 
9 
6 
7 
7 
7 
7 
141 
338 
66 
265 
85 
86 
5 
49 
49 
51 
51 
52 
Table 28. So la r  Coordinates  of 
Ground Level Event Centers ,  
1942- 1961. 
YEAR DATE LAT. LONG 
1942 Feb 28 
1946 J u l  25 
1949 Nov 19 
1956 Feb 23 
Aug 31 
1959 J u l  14 
J u l  16 
1960 May 4 
Nov 12 
.Nov 15 
Nov 20 
1961 J u l  18 
J u l  20 
+7 
+2 2 
-2 
+2 3 
+ 14 
+17 
+16 
+15 
+26 
+2 6 
+2 5 
-7 
-7 
20 1 
197 
165 
186 
96 
3 30 
331 
132 
28 
22 
34 
51 
52 
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Table 29. Recurrent ‘Large Sunspots, Cycles 16-18 from L i s t  of 55 
Largest  Sunspots, 1874-1954. (Greenwich, 1955). - 
CYCLE 
16 
- 
17 
- 
18 
- 
YEAR CMP DATE 
1926 Jan  24.5 
Sep 19.7 
1929 Nov 3.7 
1935 Dec 2.2 
1937 Jan  31.1 
Apr 24.7 
J u l  28.8 
Oct 4.4 
1938 Jan  18.4 
J u l  15.1 
Oct 11.9 
Nov 10.8 
1939 Sep 10.4 
1940 Jan  5.5 
1941 Sep 16.9 
1942 Feb 28.8 
~~ 
1946 Feb 5.7 
J u l  26.9 
Dec 17.0 
1947 Apr 7.2 
1948 Dec 24.0 
1949 Jan  22.9 
1950 Feb 20.1 * 
Apr 13.6 
1951 May 16.0 
HTERV, 
m w  
- 2 . 3  
-1.7 
+1.2 
-1.5 
-0 .3 
-0 .1 
+0.2 
+0.4 
+0.6 
+l. 1 
+1.4 
+1.5 
+2.3 
+2.6 
+4.3 
+4.8 
 
- 
-1.4 
-0.9 
-0.5 
-0.2 
+1.5 
+1.6 
+2.6 
+2.8 
+3.9 - 
MAX. UMBRA 
AREA RATIO 
3716 .159 
2142 .172 
2003 .166 
2435 .172 
2364 .146 
2474 .174 
3303 .159 
3340 .146 
3627 .176 
3379 .147 
3003 .133 
2245 .174 
3034 .164 
2860 .207 
3038 .148 
2048 .191 
5202 .183 
4720 .111 
2099 .138 
6132 .133 
2513 .149 
2471 .146 
2856 .151 
2000 .140 
4865 .158 
WNG. LAT 
35.0 +20.0 
129.4 +24.1 
189.3 +14.8 
55.2 -25.5 
196.3 -10.1 
173.9 +19.5 
356.1 +31.5 
182.3 + 9 . 3  
225.1 +17.1 
39.8 -12.1 
305.8 +17.0 
272.0 - 8.5 
224.1 -13.8 
120.2 +10.5 
210.0 +11.6 
197.1 + 7.0 
297.2 +26.1 
195.8 +22.2 
107.2 - 6.4 
83.1 --24.4 
87.0 -14.4 
53.7 +22.9 
264.2 +10.1 
293.1 +13.4 
86.4 +13.0 
* 
Not r ecu r ren t  
I1 MAJOR ACTIVITY BY PKUE OF --YEAR CYCLE 
i Many cheracteristics of mador solar activity occur i n  two cyclic 
processes during the  l l -year  cycle (Gleissberg,1968; Anatslova end 
GneviShev 
how the two processes overlap. 
peaked structure even for  smoothed sunspot numbere. 
due t o  different time develapment of activity on the northern and southern 
hcmispheres . The northern hemisphere has domimted during the last few 
cycles (Tables 24 - 29) .  The two-peaked structure of the sunspot 
cycle could be related t o  the reversal of the pololdal f ie ld  of the  sun 
1968). The shape of the curve of sunspot number depends upon 
Even cycles characteristlcglly show a two- 
Same fine structure is 
(I&Won, 1969). 
h J o r  activity rhowa the double-peaked timc development more strongly 
than sunspot mnubers, tuxl dirp14s it in every cycle ( ~ l g u m s  18 & 19). mere- 
folo it is highly isignlflcaut fo r  prediction of flares and proton events. 
The first peak occurs o m  t o  o m  and a half years before the peak sunspot 
number (Ebn), and the sccolrd peak occura about 2 years after Rm, often 
followed by B mlmr peak 3 to 4 yeam mer Ihn. 
Most characteristics of mador solar act ivi ty  follow the same three- 
peake!d cycle Including: euwm of giant sunspots, frequency of giant stmapots, 
frequency of lrrrge flares, green coronal line intensity, occumence of geo- 
magnetic crochets and sudden cormmencement storms, Ap Index, and E ard F2 
layer ionospheric lrdices, and that where known, these indices shuw a 
I- 
slmllar 3-peaked pattern for solar cycles 12-19 (Figs. 18 & 19). 
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, 2 ,  , I  I , 8 ,  , 10 
a .  Areas of Sunspots over 1500 Mi l l ion ths  
Durinb 7 Cycles (Greenwich, 1954). 
c .  F2 Layer Ionospheric Index @inn i s  
and Bazzard, 1958; see Rubashev 1964). 
e .  E l a y e r  Ionospheric Index (Minnis 
and Bazzard, 1959; see Rubashev, 1964). 
, 2 ,  , I  I 1 8 #  \, 10 
b. Frequency of Sunspots with Area 
Greater Than 1500 Mi l l ion ths  
(Newton , 1958). 
d. Frequency of Large F lares  
(Kleczek, 1952). 
f .  Dis t r ibu t ion  of Sudden Commencement 
Geanagnetic Storms (Newton, 1958). 
Figure 18. Dis t r ibu t ion  of Major Solar Geophysical Act iv i ty  by Phase of the Eleven 
Year Cycle. 
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I I 1 I >  I I I 1 1 
54 b S I  60 62 64 
a .  I n t e n s i t y  of 530s green coronal l i n e  
averaged around t h e  limb (Gnevishev, 1968). 
54 56 51 00 62 64 
c. Meter Wavelength Solar Radio Flux, 
1954- 1963 (Genvishev, 1967). 
I '  I 1 1 I I I 1 I I 
w 58 58 eo 62 44 
e. Geomagnetic A Index 1953-1963. 
(Anatalova and d e v i s h e v ,  1968). 
54 56 S I  60 6 2  
b. Number of Polar Cap Absorptions, 
-954- 1964 (Hakura, 1967). 
56 S I  60 62 64 
d. Number of Radio Type IV Bursts,  
1955- 1964 (Hakura , 1967). 
I 
54 56 S I  60 02 04 
f .  Number of Geomagnetic Crochets, 
1954- 1964 (Pinter ,  BAC, 1967). 
Figure 19. Character is t ics  of Major Solar-Geophysical Act ivi ty  During the 19th Cycle, 
by Phase of 11-Year Cycle. 
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I11 ULTRA W E  RAPX;E FORECASTIHG 
Missione such 66 the Apollo Telescope Mount, the Manned Orbital Workshop, 
Lunar Bases and Planetary ~ S E i O n B  reqilre predictione of solar activity 
several g e m  or decades In advance. 
based on the rate of occurrence of proton events during the 11 year cycle, 
Such ul t ra  long range forecasting can be 
-. 
coupled with the long term modulation of solar activity, referred t o  as the 80- 
90 year cycle. Even though the sunspot number is aOt a good indicator of 
individual events, sunspot mber may be a satisfactory index of the yearly 
integrated intensity of solar particlefl above 20 MeV (Fichtel and McDonald, 
1967). A satisfactory correlation between these quantities can be sham for 
the yeare 1955 through 1965. Thus estimrtes of the expected yearly intensities 
of solar proton can be mdle from projections of yearly sumpot nuniben,. !l!here- 
fore predict lo^ of cycles 20, 21 and 22 are presented in F'lgure 20 and Table 30. 
based on several Urns of evidence. . 
There are aeveral Iuportant parametere of eolar activlty which depend 
upon the low cycle: 
1. Maxirmnnsrllrrrpot number 
2. Length of cycle (7-17 years) 
3. Spot lifetime (Kopecky, 1967) 
4. 
5. firth-South asymmetry of auDspote 
60 
The maxinnUn and minimum of the long cycle have been estimated by eeculsr snrooth- 
ing, moving averages and other methods (Rubrrahev, 1964) (Gleissberg, 1 9 6 )  
( V i t i n s l c y ,  1968). 
Number of large spots (~apeclgr, 1967) (Eygenaon 1946, 1948) 
Magnitude of sunspot magnetic fielda (xanthskis, 1967) 
The latter two authors find the m a t  recent smoothed maximum 
in 1938-1940. Extrapolation would place the next long cycle minimum in the 
1980's. 
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CYCLE 20 CYCLE 21 
R T  Tmax Rm Tmin max m m i n  T 
- - Bezrukova, 1962 1969-70 - 1982 120 
BOnov, 1968 1968.4 128 1976.5 1984.1 52 1990.6 
J o s e ,  1965 1967 120 1977 1984 60 1990 
Schove, 1955 1972.5 100 1978.5 1984.5 140 1989.5 
Wood, 1968 1969 120 1976 1983h1 60 1989 
i 
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CYCLE 22 
R m T 
1994 80 
1996.6 47 
1995 60 
1994.5 120 
1995.5 40 
ma x 
120 
Rz 
80 
cr 
40 
12 VRS. 0-- 11 YRS 0 
J I I 
954 58 6 2  66 70 14 78 82 86 90 94 98 2002 
YEAR 
I 1 I I I 1 1 1 I 
I 13 YRS. -t-- W.3 YRS. -1- 12 VRS. ,+I25 VRS. -I= 
Figure  20. Forecas t s  of Cycles  20, 21 and 22, Based on P l a n e t  P o s i t i o n s ,  (Jose,  
1965) (Wood, 1968); the  Long So la r  Cycle (Bezrukova, 1962), (Bonov, 
1968) and 2000 Years of Sunspot and Auroral  Data, (Schove, 1955). 
(Composite: see Table 
Table 30. Ultra Long Range Forecas t s  of Cycles 20, 21 and 22. %=smoothed 
maximum sunspot number. T : d a t e s  of maximum, minimum. 
max’ *min 
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CONCLUSIONS 
Active longi tudes a r e  populated by la rge  long- l ived sunspots 
of mean area  >500 m i l l i o n t h s ,  a group which includes near ly  a l l  a c t i v e  
cen te r s .  
s o l a r  11-year cyc le ,  although a c t i v i t y  appears a t  one longitude o r  
another a t  d i f f e r e n t  times within a cyc le ,  perhaps due t o  the l a t i t u d e  
d r i f t  of sunspots.  
Ihe a c t i v e  longi tudes are  s t a b l e  over periods longer than a 
Major proton events  occur in  two major peaks one year before 
and two years  a f t e r  the  peak sunspot number P, 
peak occurr ing 3-4 years  a f t e r  Rm. 
s o l a r  a c t i v i t y  follow the same three- peaked cyc le  including: a r eas  
followed by a smaller m 
Most c h a r a c t e r i s t i c s  of major 
of giant sunspots ,  frequency of  g ian t  sunspots ,  frequency of l a r g e  
f l a r e s  , occurrence of  geomagnetic c roche t s ,  green coronal l i n e  in- 
t e n s i t y ,  A index, 
i nd ices .  Where known, these indices  show a similar 3-peaked pa t t e rn  
S S C  storms and E and F2 l ayer  ionospheric 
P 
f o r  sola; cyc le s  12-19. 
U l t r a .  long range forecas t ing  can be based on the  long term 
modulation of s o l a r  a c t i v i t y .  
a good i n d i c a t o r  of ind iv idua l  events ,  i t  may be a s a t i s f a c t o r y  
Even though sunspot number i s  no t  
index of the  yea r ly  in tegra ted  in t ens i ty  of high energy s o l a r  
p a r t i c l e s .  P red ic t ions  of the lengths and amplitudes of cycles  
20, 21 and 22 a r e  presented based on seve ra l  independent l i n e s  of 
evidence. Parameters which depend on the long cycle  include: 
peak sunspot number, length of cycle ,  spot  l i f e t i m e ,  number of la rge  
s p o t s ,  north- south asymmetry of sunspots, and magnitude of sunspot 
magnetic f i e l d s .  
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9 .  LONG RANGE PREDICTIONS 
OF THE SOLAR CYCLE 
K e  00 WOOD, P h a D o  
9 .  M N G  RANGE PREDICTION OF THE SOLAR C Y C L E  
by K. D. Wood, Ph. D. 
Recent studies by Bigg indicate conclusively that Mercury, 
Venus, ea r th  and Jupi ter  have detectable small effects on short- term 
so lar  activity (less than one "11-year" cycle).  The present  study 
a s sumes  that planet effects on the sun may a l s o  be usef i l  in explaining 
the lon i - t e rm his tory of solar activity and in making long-term forecasts .  
Some possible physical mechanisms for  the effects are suggested. . 
This  repor t  is concerned chiefly with forecasting times of high. 
mean  annual Zurich sunspot numbers (R,) r a the r  than locating exactly 
the peak of a sunspot curve: some such curves  have ra ther  flat tops. 
Years  in which the mean annual R, is within 10% of the peak a r e  l isted 
in  Table 31. 
The cycles peaks have been numbered by Waldmeier start ing 
with Cycle N o .  1 in  1761. 
t o  1700, cycle numbers  0, -1, -2, -3, and -4 have been assigned for 
use  in this repor t .  
T o  include less accurateiy known data back 
A study of sunspot cycle lengths based on mean annual sunspot 
data, i f  they a r e  caused by planet effects, can involve at the most  only 
the six outer planets (Mars ,  Jupiter, Saturn, Uranus, Neptune, and 
Pluto) because the inner  planets (ear th ,  Venus, Mercury) have orbital  
per iods of one year  or less. For  the physical effects he re  considered, 
Mars ,  and usually Pluto, m a y  be shown to  have very minor  effects, 
negligible with good accuracy. Hence, the sunspot cycle analysis and 
forecasting problem, as treated here ,  involves only - four planets: 
Jupiter,  Saturn, Uranus and Neptune. These four planets may have 
seve ra l  simultaneous effects. The analysis is clarified by considering 
the planets two at a t ime. Hence, the table of synodic periods of all 
planets, considered two at a time (Table32) is considered useful for  
comparison of sunspot cycles and planet effects. 
synodic per iods are  not constants t o  four or  even three  significant 
f igures,  because of the eccentricity of the planet orb i t s  and the mis- 
alignment of their  perihelia.  F o r  example, five recent  (s ince 1850) 
synodic dates  of Jupiter and Saturn were  1862. 00, 1881. 27, 1901. 75, 
1921.67 and 1940.88, giving synodic periods of 19.27, 20.48, 19.92, 
and 19. 11, o r  a mean of 19.8 (as calculated f r o m  mean circular  orbits)  
f 0. 7 as noted in the table. Since four o r  m o r e  planets a r e  involved in 
m o s t  planet effects, t imes when three  o r  four planets a r e  nearly in line 
m a y  also be of significance. One such time is the Jupi ter-Uranus-  
Neptune near  -tr iple -conjunction about 1830 (a time when the Jupiter - 
Saturn cycle was NOT related to  the sunspot cycle).  
Note in Table 32 that 
This  near- t r iple  
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conjunction will occur again about 1989. 
conjunctions ocehrred around 1763, 1800, 1900, and 1940 and will not 
occur again till a f te r  2000. The only recent  ( s lnce  1750) Jupiter-  
Saturn-Neptune near  -tr iple -conjunction was about 1880 and this was 
also the time of a long and weak (low R,) sunspot cycle, differing 
f r o m  the ten year  Jupiter-Saturn cycle. 
Jupiter -Saturn-Uranus near  - 
Possible physical reasons  for  these striking "coincidences" 
are considered in Part I1 of this report ,  and their  use in long-range 
predictions is considered in Part 111. 
I 
11. PHYSICAL EFFECTS O F  THE PLANETS O N  THE SUN 
F o r  the purposes of this study, dealing with only a few hundred 
years ,  the solar  sys tem center of m a s s  may  be considered to have zero 
acceleration, o r  constant velocity. 
Because of the planets, the center of mass of the sun t ravels  in 
a series of sp i ra l  paths within a region of about two solar  radi i  f r o m  
the center of mass of the solar system, as sketched in Figure 21. With 
excellent accuracy the sp i r a l  paths may be calculated f rom the known 
massed ,  orbit  radii, and periods of the planets Jupiter,  Saturn, Uranus, 
and Neptune. 
I 
The apparent complexity of the sp i ra l  path is great ly  reduced by 
calculating and plotting separately the Jupiter -Saturn effect, and the 
Uranus-Neptune effect as sketched in Figure 22 .  
If the so lar  sys tem center of mass is used as a location of * 
x, y, and z axes fixed in inertial  space,  the vector R,, f rom the origin 
of these axes to  the center of mass  of the sun is seen  in Figure21 to  be 
near ly  ze ro  in 1951, but the displacement from one year  to  another 
(e. g. , R,zlg,, - ROz1950) is never zero.  
moving, and mos t  of its velocity is due to  Jupiter,  with a major  
perturbation by Saturn (minor  perturbations by Uranus and Neptune). 
T h e  magnitude of the sun center velocity vector Gez since 1900 is 
seen  in Figure 3 t o  be near ly  a s ine wave of period equal to the 
Jupiter-Saturn synodic period of about 20 years ;  this graph is very 
similar to  the graph of sunspot number R, vs t ime for  some periods 
(e. g . ,  since 1900) when the sunspot cycle averages about 10 years  
(for other periods of time it is not, presumably because of the effects 
of Uranus and Neptune, as described la ter) .  Figure 23shows a l so  the 
separa te  effects of these four planets on the speed of the sun center.  
A 
The sun center is always 
-L 
The sun center  has  a velocity V,, relative to fixed axes,  but it 
a l s o  has a velocity relative to  axes rotating with the displacement vector 
fioz, designated x', y', and 2'. The sun thus behaves like a rotating 
body on a rotating platform, located at a variable distance Roz f rom the 
center of the rotating platform, and moving with velocity Trt relative 
to the platform's  rotating axes. Let Goz be the angular velocity of 
rotating axes (the angular velocity of the vector &,). 
and acceleration of points on the sun ' s  sur face  change as the sun rotates,  
depending on the planet-determined velocities and postions of the sun. 
The velocity 
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This is explained in principle in many text books on dynamics; the 
notation aiid equations used here a r e  f rom Berman, pages 9 1-94. The 
velocity observed by a rotating observer V,t i s  related to the velocity 
seen by a fixed observer Tfx (which i s  the velocity plotted in Figure23) 
by the equation 
-L 
a 
The acceleration viewed by a fixed observer Afx is related to the 
acceleration Art viewed by a rotating observer by the equation 
a 4 4 
where - w o z  X woz X R,, i s  the centrifugal acceleration, and 
-2wez X Vrt is called the Coriolis acceleration. -L 
Relative velocities and Coriolis accelerations for the sun center and for 
two points on the sun's surface a r e  shown in Figure 24. 
Considering one planet only, say Jupiter, the sun moves in a 
near circular elliptic orbit at a mean radius of 1. 06 solar radii 
(* 4.8% due to Jupiter's orbit eccentricity) with a velocity of 27rX 1.06 
solar radii in 11.86 years and 
the average, with the same variation due to eccentricity. Essentially, 
the only acceleration of the sun center, considering Jupiter to act  alone, 
would be the centripetal acceleration zoz X Goz X R, (in the direction 
of Jupiter). Points on the surface of the sun, because of its rotation, 
have two components of velocity relative to axes x', y ' ,  and z' which 
rotate with RoZ, one due to rotation of the sun about its own axis and 
one due to the difference between the velocity v' and the velocity 
wez  X R, due  to rotation of the radius vector Roz at a rate of woz.  
The second velocity is much smaller, but since there is change in 
direction by 180" every half-revolution of the sun, a small Coriolis 
acceleration disturbance at the sun's surface i s  involved. 
1 = 2n/ll. 86 radians per year on 
4 
A 
& *@Z -L 
Considering two planets, say Jupiter and Saturn, the disturbances 
are greatly magnified. 
F igure  22(a) and it has a velocity which is not perpendicular to the radius 
vector R., so large Coriolis disturbances at the sun's surface may be 
For this case, the sun moves in the path of 
4 
Uranus and Neptune effects (involving the additional motions 
sketched in Figure 22tb)) give a combined displacement about equal to 
the Saturn displacement (as shown in Table 33, discussed later), when 
Uranus and Neptune a r e  near conjunction. 
It i s  evident f r o m  the above that an equation can be written for 
the sun center Corio1,is acceleration referred to axes rotating witt. the 
sun radius vector. 
giant planets, their orbit eccentricities, and the angles between the 
planet positions and their perihelion positions. 
studied in detail, sunspot cycle peaks a r e  related to Jupiter-Saturn 
conjunction or  opposition times. For others, a comparison i s  in 
progress. Development of this equation (or series of equations) i s  
beyond the scope of this report. 
Such an equation would involve positions of tht: four 
For 11 of the 24 cycl&s 
Coriolis accelerations due to the planet -determined sun center 
velocity combined with rotational sun surface velocities a r e  probably 
not the only Coriolis effect on sunspots; there a r e  quite possibly also 
important effects due to velocity gradients and angular velocity 
gradients within the sun. 
In addition to the Coriolis acceleration associated with the sun 
center velocities shown in Figure23, there i s  a sun center acceleration 
Aoz = dVoz/dt shown by Wood and Wood to require consideration of the 
inne'r planets as well as the outer planets for reasonably accurate 
calculations. 
as the direction of the planet, whereas the velocity Voz for each planet 
is nearly at 90" to khe planet direction as noted in Table33. 
higher derivative dAoz/dt, designated the "jerk" by Wood and Wood, 
was found to depend almost entirely on the inner planets. 
-L I 
-L 
The direction of A,, for a particular planet is the same 
A 
The nkxt 
A summary of the effects of various planets on the sun and on 
the sun center motion is presented in Table 33and the relative effects 
of various planets on some factors is illustrated graphically in Figure 2 5  
Table 331ists in the f i rs t  three columns for each planet (except Mars) 
the mass ratio relative to the earth, the mean planet orbit radius 
(semi-major axis of the ellipse), and the factor (1  t e), where e is the 
orbit eccentricity. Note that the mass of Mercury is indicated a s  
uncertain by a factor of two. Its  size is known, but because it has no 
known satellites, its mass is not known, though the mass can be esti-  
mated by assuming various values for a specific mass  comparable with 
ear th  and Mars and an estimated "adopted" value i s  the one usually 
given in Tables. The next six columns of Table 33 a r e  calculated values 
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of mrn where n is an  exponent selected in accordance with the quantity to 
be compared. F o r  instance, n = -2 if it is des i red  to  compare the solar 
accelerations due to the planets, o r  n = f if it is des i red  to compare the 
displacements f rom the so la r  sys t em center  of mass duc? to  each planet. 
Table 33thus compares  the separate  effects of planets on solar  
displacement, solar  velocity, so la r  accelerations,  and so lar  jerk.  Also 
included is the relative t idal  bulge at the surface of the sun due to each 
planet with n = -3. For sun center  accelerations Jupiter dominate 5 ,  
but four other planets a r e  involved. F o r  tidal bulge of the sun due to 
each planet, Saturn (as well as Mercury, Venus, ear th ,  and Jupiter)  
is seen t o  have a small but not negligible effect. The sun center  j e rk  
depends only on Mercury, Venus, ear th ,  and Jupiter.  Whether Mercury 
has  the l a rges t  o r  smallest effect of these four planets depends on the 
uncertain mass of Mercury. It is possible that the mass of Mercury can 
be determined by s ta t is t ical  isolation of these effects. 
Each planet has  a mr-3 effect not only because of t idal  bulge but 
a l s o  because of the torque on the sun due to  such so lar  oblateness as 
m a y  exist. 
111. PLANET POSITIONS AND TIMES O F  HIGH SOLAR ACTIVITY 
FROM 1’700 TO 1968 
The approximate positions, neglecting planet orbit eccentricity, 
of the four giant planets relative to the f i rs t  point of Aries for the three 
hundred year  period f rom 1700 to 2000 a r e  shown in Figure26, including 
only one typical Saturn orbit in the interest of clarity, but including the 
positions of Jupiter -Saturn conjunctions because they appear to be 
related to solar activity. For each Jupiter orbit the position of Jupiter 
at t imes of high solar activity is a lso shown as well a s  the Waldmeier 
sunspot cycle number. It is interesting to note that for cycles ( 0  to 4) 
and ( 1 5  to 20) Jupiter is about 90 degrees ahead of a Jupiter-Saturn 
conjunction o r  opposition when the sunspot cycles peak and these eleven 
cycles a r e  over half of the cycles plotted. For cycles 5, 6, and 7 the 
position of Jupiter at sunspot cycle peak seems to be related to the 
mean direction of Uranus and Neptune, and Uranus and Neptune a re  
nearly in conjunction at this time. For the other cycles (8  through 14) 
the Jupiter position at  cycle peak is nearly uniform in the region from 
80 to 100 degrees from the first  point of Aries. 
different conditions for cycles (8 to 14) from all  the other cycles is  not 
clear at this time, and needs further investigation, but it may well be 
noted that all of these cycles occur between Uranus -Neptune conjunction 
and Uranus-Neptune opposition. If it is assumed Jupiter, Saturn, 
Uranus, and Neptune are major factors determining the mean annual 
sunspot number, it would be reasonable to expect that the next three 
cycles (21, 22, and 23) would be related to Uranus-Neptune positions, 
like cycles 5, 6, and 7. It i s  concluded from the study thus far, that 
sun surface Coriolis acceleration changes with solar rotation can be 
used to explain the Jupiter locations shown by cycles 8 through 14 in 
Figure 26 This demonstration wi l l  require additional work. Matching 
of other cycles about 179 years apart  is shown in Figure27, along with 
planet conjunctions and oppositions and a more specific prediction. 
Figure 28 is a study of miematch of magnitude and timing. 
shows why Jupiter and Saturn have a large effect about 3 years 
prior to conjunction. 
The reason for the 
Figure 29 
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IV. CONCLUSIONS 
These  studies show that a dominant cause of the sunspot cycle is 
probably the Coriolis accelerat ion of the sun center  caused pr imar i ly  by 
the four planets Jupiter,  Saturn, Uranus, and Neptune. The Coriolis 
acceleration of the sun center is shown to produce turbulence at the sun 's  
surface,  
sunspot cycles  peak at a time when Jupiter is a few yea r s  ahead of the 
m e a n  position of Uranus and Neptune, and the Saturn effect is minor.  
At other t imes  the Jupiter-Saturn effect predominates but is modified 
by the Uranus -Neptune effect. 
. 
At times when Uranus and Neptune are near  conjunction, 
- 
This  conclusion supplements the finding of Bigg that sub-cyclic 
so l a r  activlity is associated with the periods of the inner planets (Mercury,  
Venus, ear th)  with possibly some contribution by Jupi ter .  Bigg suggests 
that  t ida l  distortions of the sun may  be a n  important factor in sub-cyclic 
so l a r  activity, but sun-surface turbulence generated by Coriolis acce le ra  - 
t ions of the sun due to  the inner planets should a l so  be investigated as a 
contributing factor  to general  level of disturbances caused by the outer 
planets. 
Use of these facts  permi ts  predicting the cycle timing and 
magnitude fo r  the next 40 yea r s  as follows: there  will be severa l  long 
weak cycles such as occurred  between 1790 and 1830. The next cycle 
peak is expected to  occur  about 1983 f 2 years  and the mean annual 
Zurich sunspot number R, is expected to be between 40 and 80. 
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VI. SUMMARY O F  NOTATION 
Vectors denoted by arr0.ki.s over symbols. For  example, 
-L a = vector acceleration. 
of the vector symbol; thus la1 = magnitude of acceleration; x denotes 
the vector o r  cross-product of two vectors; thus - 2 G X  2 = two times 
the vector product of angular velocity and linear velocity = Coriolis 
acceleration. 
M%gnitudes designated by bars  on both sides 
a 
A 
d 
e 
in 
r 
x', y! z' 
w 
acceleration 
acceleration of sun center 
differential 
orbit eccentricity 
mass  of planet relative to mass  of earth 
radius of mean planet orbit, in astronomical units 
(earth orbit radii) 
distance to sun center from center of mass  of solar 
system 
Zurich sunspot number (also called Wolf Number) 
time 
speed = magnitude of velocity vector v = I v I 
speed of sun center = IV I 
mutually perpendicular axes fixed in inertial space at  
the center of mass of the solar system: x axis in the 
direction of the first point of Aries, y and z axes 
in the "invariant" plane of the solar system w plane 
of orbit of Jupiter 
axes through the center of mass of the solar system 
rotating with the vector R' to the center of the sun 
ang ula r ve loc it y 
-L -L 
-.. 
Subecripte: e = sun, z = relative to z axis, v = vertical, 
8s = solar surface, 1, 2, etc. = points, 
c = Coriolis, fx = viewed by fixed observer, 
rt = viewed by rotating observer. 
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TABLE 32. Calculated Planetary Synodic Periods in Years for Mean 
Circular Orbits. with Estimated Corrections for Orbit Eccentricity 
Equation: Ta/Tsyn = Tz/T, - I ,  where T2 L: longer period, TI 8 shor te r .  Tsyn = synodic period. 
of the orbit for TI tends to dominate the departures f rom circular orbit  calculations except when Tz is nearly 
the same a s  T,: perihelia directions relative to synodic directions are also an important factor. 
as irrelevant to the sunspot problem. 
Eccentricity 
M8rs omitted 
r 
Planet mean eTz Mercury Venus Earth Jupiter Saturn Uranus 'Neptune 
- ~~ ~- ~ ~~ ~ 
Mercury . 387 .206 0.241 0.396 0. 317 0. 246 0.243 0.242 0. 241 
f 07(4) * .06(4) * . 0 5  1 05 f . 0 5  f . 0 5  
Venus . 7 2 3  .007 
Earth 1.000 . 0 1 7  
Jupiter 5. 20 .0482 
Saturn 9.54 t .054 
.001 
Uranus 19.2 t. 048 
.003 
Neptune 30.0 +. 009 
.003 
0.615 1.59 0. 770 0. 626 0.620 0.615 
f . 0 1  f .005 f .994 f . 0 0 4  f , 004  
1.000 I .  092 I .  035 1.012 1.006 
f , 0 1 7  t , 0 1 7  f . 0 1 7  f . 0 1 7  
11.86 19.8 13. 8 12. 8 
* 0 .7 (1 )  f 0 . 5  f 0 .45  
29. 5 46 36 
f 0. 5(2) f 0. 
84.0 171(3) 
165 
. 
( 1 )  
(2) 
(3) 
Mean for  last  jive mynodic periods (* 100 years )  f rom Amer. Ephemeris & Naut. Almanacs. 
Mean of last  four synodic periods based on plots f rom Amer. Ephemeris & Naut. Almanacs. 
Plots of Amer. Ephemeris (I Naut. Almanac data permit estimating the current synodic period as 
(1992. 2iO. 3) - 1821. 8 = (170. 4*0. 3) years ( *O.  3 here  denotes uncertainty of graphical solution). 
large number of periods averaging 171 years, variation would be  about f, 6 years .  
Variability believed to have changed substantially for t imes  covered by this study. partly because of 
Mercury perihelion direction changes. 
of the above periods. 
Over a 
(4) 
Most statintically observed sunspot cycle periods a r e  multiples 
136 
. 
Y 
& 
e, 
c, 
E: 
0 
d #  
& 
aJ 
9) 
V 
.I u
- 
Y 
x .t: y 
V O  
0 1  
e, > 
c 
m o  
a *  . .  . .  . .  
* m  W d  m e  j.; a -  o m  m r -  4 m  . .  . .  - -  - N O  4 
4 4  
E 
d m   
E " .  
'ij 
; 
E 
E: 
(d 
E 
.I 
E 
9 
M 
0 
N 
L( 
r- 
00 
0 
d 
0 
m a  
*).a 
0 0  
* *  
. .  
x 
V 
5 
3 
dJ 
m 
4 
00 
9 
0 
0 
4 
m 
N 
r- 
0 
r- 
a0 
0 
CI 
a 
f 
c 
0 
0 
0 
.-I 
r- 
0 
2 
r( 
0 
0 
0 
4 
0 
0 
0 
d 
s 
2 
0 
9 
2 
* 
00 * 
0 
r( 
m 
0 
N 
m 
0 
CQ 
m 
r( 
I4 
P) Y
.I 
4 
b 
r- 
0 
m 
rc 
m 
m 
0 
4 
* 
m 
m 
N 
VI 
m 
E: 
5 
4 
Y 
0 
m 
m w  
0.9 
N N  
0 
W 
N 
N 
r- * 
0 
4 
03 
4 
OI 
c.l 
9 
* - 
e 
1 
E 
3 
2 
a 
4 
m 
* a  
N -  
m m  
0 
N m 
a 
00 
0 
0 
rl 
m 
0 
0 
m 
. '  
m 
c 
e, 
5 
4 
Y 
z 
m m  
* N  
m 
m 
N 
0 In 
N 
c1 
* * 
0' 
m 
0 
Y 
0 0 0  
dc; 
0 
1 
.u 
ii 
* 
0 
m + 
R 
a 
a 
e 
0 
m + 
? 
? 
.. 
e 
0 
'0 
1 
E 
bo 
Y .I
2 
P) > 
0 
P 
(d 
0 
c 
c" 
E 
0 
u 
aJ 
&I 
.r. Y 
137 
SOLAR POSITION 
Figure 21. Sun Center Position Relative to Solar System Center of 
Mass, 1940 to 1960. Based on Flammarion page 51. This 
Chart Courtesy R. M. Wood 
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1961.3 
Co9junc t ion 
010 rolor rodiur 
(a) Typical sun center position 
changes for one opposition-to- 
opposition period of Jupiter and 
Saturn. Three periods returns  I 
sun to nearly same point. 
, 
(b) Sun center position changes 
due to Uranus and Neptune. 
to rcol. 
(For rkotchos ( 0 )  ond (b)) 
Figure 22. Effect of 2-Planet Combinations on Position of Sun Center 
Relative to Solar System Center. 
to Scale 
Positions not Accurately 
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10. CONCLUSIONS AND 
RECOMMENOATi ONS 
4 
10, CONCLUSIONS AND RECOMMENDATIONS 
One of the most important conclus ions  of the s tudy i s  t h a t  
l oca l i zed  d e n s i t y  inc reases  occur in the corona i n  alignment wi th  
p l ane ta ry  conjunct ions.  m e  dens i ty  inc reases  a r e  de tec ted  by in- 
c reased  r a d i o  and X-ray emission on the  exac t  day of conjunct ion.  
Other  s o l a r  parameters such a s  sunspot and plage a rea  a l s o  inc rease  
but t he  c o r r e l a t i o n  i s  n o t  a s  precise  because of a l a g  of a day or  two. 
Following success ive  e x c i t a t i o n s ,  an a c t i v e  cen te r  develops,  poss ib ly  
as  the  r e s u l t  of s tanding  waves, or shock waves. 
a c t i v e  c e n t e r  on a second o r  l a t e r  r o t a t i o n ,  a f u r t h e r  conjunct ion of 
t i d a l  p l a n e t s  may t r i g g e r  a proton event .  
I n  a f u l l y  developed 
Ten ind iv idua l  a c t i v e  cen te r s  have been analyzed f o r  2 o r  3 
Thirty- s i x  conjunct ion d a t e s  showed months by d a i l y  r a d i o  emission. 
r a d i o  f l u x  i n c r e a s e s ,  even though in t eg ra t ed  over the e n t i r e  d i s k .  
A l l  of these  a c t i v e  c e n t e r s  produced one o r  more proton e v e n t s ,  and 
e i g h t  produced ground l e v e l  events ,  Although there  may be a l t e r n a t i v e  
exp lana t ions ,  uns tab le  regions i n  the sun a r e  s e n s i t i v e  t o  s o l a r  d i s -  
placement o r  t i d a l  e f f e c t s .  While the i n i t i a l  t i d a l  e f f e c t s  may be so 
me11 a s  t o  be ba re ly  measurable ( T r e l l i s ,  1966) (Wood and Wood, 1965) , 
the r e s u l t  i s  a n  amplif ied waveform due t o  the s t e e p  g rad ien t s  of d e n s i t y  
and temperature i n  the sun ' s  corona. X-ray d a i l y  f l u x  was analyzed 3 
months before  fou r  major events  of  cyc le  20, involving 24 conjunct ion 
d a t e s  f o r  which s i g n i f i c a n t  X-ray f lux  inc reases  occurred ,  even when 
averaged over  the  whole face  of the sun. The X-radiat ion of one of 
t hese  a c t i v e  c e n t e r s  was a l s o  studied a t  t he  Naval Research Laboratory.  
I t  was concluded the t : 
"Below 20 8 ( r a d i a t i o n s  which a f f e c t  t he  lower E and D reg ions  
o f  the  ionosphere) , a de tec t ab le  X-ray background began to  appear i n  
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l a t e  1965. The f i r s t  l a r g e  spot  t o  develop (March 1966) increased the 
8-20 61 f l u x  by 50 t i m e s ;  y e t  t h i s  spot  occupied less  than one-thousandth 
of the d i s k  area. We conclude t h a t  the corona immediately over t h i s  spot  
had ar X-ray b r igh tness  5000 times as  g r e a t  as  the surrounding corona. 
A f ac to r  of 2 i n  the enhanced emission may be a t t r i b u t e d  t o  increased 
temperature. '&e remaining inc rease  of 2500 must be due t o  the  g r e a t e r  
d e n s i t y  of the condensed corona over  the a c t i v e  region - a f i f t y f o l d  
increase  i n  d e n s i t y ,  s i n c e  X-ray b r i g h t n e s s  v a r i e s  with the square of 4 
the  density."* 
The d a i l y  r a d i o  maps a t  9 . 1  cm. wavelength were examined f o r  the 
March 1966 a c t i v e  r eg ion ,  and the source of the r a d i o  f l u x  confirms 
Friedman's conclusion about the l o c a l i z e d  source of the hard X-ray f l u x .  
The r ad io  inc rease  on conjunct ion d a t e s  i s  a l s o  loca l i zed  i n  the major 
a c t i v e  c e n t e r ,  and n o t  d i s t r i b u t e d  over  the d i s k  of the sun. The J u l y  
1966 8nd March 1969 a c t i v e  c e n t e r s  were a l s o  s tudied  by means of the 
r a d i o  maps, wi th  the  same conclus ion ,  bu t  such ana lyses  took p lace  too 
la te  t o  be included i n  the body of the r epor t .  
An empi r i ca l  approach was used t o  eva lua te  the r o l e  of s o l a r  
4 
system dynamics i n  s o l a r  a c t i v i t y .  Both t i d a l  e f f e c t s  and j e r k  a re  
dominated by J u p i t e r ,  Venus and Mercury and Ea r th ,  and conjunct icns  of 
these  four  p l ane t s  seem t o  be the  t r i g g e r i n g  mechanism f o r  proton events .  
The r e l a t i v e  importance of these  two processes  cannot be determined with- 
o u t  f u r t h e r  study. A d e t a i l e d  s tudy was made of t he  l a r g e  a c t i v e  c e n t e r s  
and t h e i r  proton events  of  s o l a r  c y c l e s  14 thru  20 t o  determine p lane tary  
pos i t i ons  and the  sequence of  conjunct ions  preceding proton even t s  o r  
f l a r e s .  Tables of s i g n i f i c a n t  p l ane ta ry  conjunct ions  (supplemented by 
16 c h a r t s  f o r  s e l e c t e d  proton events )  were prepared f o r  the per iod 1876- 
1970, and compared t o  s o l a r  a c t i v i t y  dur ing  the  same per iod.  
*Friedman, H., "Energetic Solar  Radiat ions,"  paper de l ive red  a t  the J o i n t  * 
XQSYlCoSPAR Symposium on the  IQSY, London, Ju ly  1967. 
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The d i scuss ion  concent ra tes  on even t s  l a t e r  than 1900 because: 
1. A complete 59.5 year Jup i t e r -Sa tu rn  cyc le  i s  covered, 
and almost one-half  of a Uranus-Neptune cyc le .  
2. Seven-planet t i d a l  forces  have been computed from 
1900- 1959 (Bol l inger ,  1960). 
3. Sunspot p o l a r i t i e s  from 1913 and magnetic f i e l d  s t r e n g t h s  
from 1917 are a v a i l a b l e  (Hale and Nicholson, 1938). 
4. Daily maps of the chromosphere and prominences a r e  a v a i l -  
a b l e  from Meudon Observatory from 1919 t o  d a t e  (d 'Azambuja). 
5 .  Systematic sunspot observa t ions  were made by both Greenwich 
and M t .  Wilson Observator ies  from 1917. 
P r o j e c t i o n s  of s o l a r  a c t i v i t y  f o r  t he  1969- 1970 period were prepared ,  
as  w e l l  a s  u l t r a - l o n g  f o r e c a s t s  of proton f l u x  and sunspot number f o r  
c y c l e s  2 0 ,  21 and 22. 
A s tudy  was made of the l a t i t u d e s  of s o l a r  a c t i v i t y  t o  observe 
i f  t he re  a r e  c y c l i c  v a r i a t i o n s  r e l a t e d  t o  p lane tary  p o s i t i o n s  above 
o r  below the  s o l a r  equator .  Recent increased a c t i v i t y  i n  the sun ' s  
southern hemisphere may be related t o  a long cyc le  of the north-south 
p o s i t i o n s  of p l ane t s .  (Rubashev, 1964) ( Vit insky ,  1965). The long 
per iod of t he  N-S asymmetry r e s t r i c t s  i nves t iga t ion  due t o  l ack  of 
d a t a  on f l a r e  l o c a t i o n  i n  e a r l i e r  s o l a r  c y c l e s ,  a l though sunspot and 
geomagnetic storm da ta  a r e  ava i l ab le .  The r o l e  of a c t i v e  s o l a r  longi- 
tudes was d iscussed .  It was concluded t h a t  they a r e  s t a b l e  over 
s e v e r a l  l l - y e a r  c y c l e s ,  but  t h a t  a c t i v i t y  changes from one t o  another  
w i th in  a cyc le .  
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A s o l a r  e q u a t o r i a l  coord ina te  system was developed. '&e 
pos i t i on  of the p l ane t s  was determined r e l a t i v e  t o  the  plane of 
the s o l a r  equator ,  s ince  the e c l i p t i c  plane i s  n o t  s i g n i f i c a n t  
i n  t h i s  con tex t .  The d i s t a n c e  of p l a n e t s  above o r  below the 
s o l a r  e q u a t o r i a l  plane a f f e c t s  the sunspot number and probably 
the nor th-south  d i s t r i b u t i o n  of spot:s and f l a r e s .  
t o  precess iona l  torques on a f l u i d  o b l a t e  sun. 
It may be due 
The ascending nodes of a t  l e a s t  seven p l a n e t s  l i e  w i th in  
the  range 240' and 260'. 
be r e l a t e d  seasonal  and long-period v a r i a t i o n s  i n  s o l a r  a c t i v i t y .  
Tables were prepared showing d a t e s  of ascending and descending 
nodes, g r e a t e s t  l a t i t u d e  no r th  and south i n  the s o l a r  e q u a t o r i a l  
coordinate  system f o r  a l l  of the  p l ane t s .  
The c l u s t e r i n g  sugges ts  t h a t  t he re  may 
Ten c r i t e r i a  have been e s t a b l i s h e d  f o r  the occurrence of 
major proton f l a r e s .  Most of the f e a t u r e s  l i s t e d  below have been 
recorded over the  130 year  per iod of q u a n t i t a t i v e  s o l a r  observa- 
tions. 7hus it i s  f e a s i b l e  t o  s tudy e a r l i e r  s o l a r  c y c l e s  and 
determine major proton f l a r e  a c t i v i t y ,  on the b a s i s  of one o r  
more of  these  c r i t e r i a .  The ten c r i t e r i a  are:  
(1) F la re  a c t i v i t y  fol lows a c l o s e l y  spaced sequence 
of t i d a l  p l ane t  conjunct ions  . 
(2) The p lage  reg ion  must be i n  second OX l a t e r  passage. 
(3) "he sunspot area must be g r e a t e r  than 500 m i l l i o n t h s .  
(4) The penumbra must enc lose  umbra of oppos i t e  p o l a r i t y .  . 
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(5) The f l a r e  causes  a shor t  wave fade (SWF) o r  c roche t  
which fol lows the time of  t he  f l a r e  maximum i n t e n s i t y .  
(6) B e  f l a r e  covers  a l a rge  part of t h e  sunspot  umbrae. 
(7) B e  f l a r e  i s  accompanied by the  loop prominence system. 
(8) The spo t  group must be magne t i ca l ly  complex. 
(9) The f l a r e  occurs  a t  an a c t i v e  Carr ington long i tude .  
(10) The f l a r e  must occur  near one of t he  t h r e e  peaks of 
major  a c t i v i t y  i n  t h e  11 yea r  cyc le .  
Although even t s  before  1942 were inc luded  because of  t he  
magnetic storm reco rd ,  the  s t r o r g  seasona l  e f f e c t  makes them of 
l i t t l e  value.  On the o t h e r  hand, t he  area of l a r g e  sunspots  
c o r r e  l a te  s s t r o n g l y  wi th  s i g n i f i c a n t  p l ane ta ry  con j unc t ions .  
Every case  i n v e s t i g a t e d  shows a peak sunspot a r e a  on the  day of 
t he  t r i g g e r i n g  p l ane ta ry  conjunct ion inc luding:  Feb. 1942, Feb. 
1956, J u l .  1959, Nov. 1960, Mar. 1966, J u l .  1966 and Mar. 1969. 
( In  about  ha l f  of t he  e v e n t s  t he  spot  group i s  on the  f a r  side 
of  the  sun a t  t h e  t i m C  of the t r i g g e r i n g  conjunct ion . )  
i t  i s  indeed poss ib l e  t o  i n v e s t i g a t e  conc lus ive ly  the  major c e n t e r s  
of  a c t i v i t y  back as  f a r  a s  1874, through the  d a i l y  Greenwich r eco rds  
of sunspot  area. 
Therefore  
Recommendations. Severa l  improvements have a l r e a d y  been incorpora ted  
i n  t h e  120-Day So la r  F l a r e  P red ic t ion .  These inc lude  u s e  of a l l  n i n e  
p l a n e t s  s t a r t i n g  Sept.  1968. It has been found t h a t  a l ignment  of 
s e v e r a l  p l a n e t s  o the r  than Mercury, Venus, Ear th  and J u p i t e r  has  a 
d e f i n i t e  e f f e c t  on s o l a r  a c t i v i t y .  Examples would be the  a c t i v i t y  
of March-April 1966, which appears  r e l a t e d  t o  the  alignment of 
Sa tu rn ,  Uranus and P l u t o ,  and February-April  1969, a t  which time 
J u p i t e r  and Uranus had the same longi tude.  The inf luence  of J u p i t e r  
and Saturn toge the r  h a s  been discussed by s e v e r a l  au tho r s  (Nelson, 
1952). (Wood, t h i s  report). Considerable t i m e  was spen t  i n v e s t i g a t i n g  
in f luence  of  the  o u t e r  p l a n e t s  on formation of  l a r g e  sunspots ,  magnetic 
s torms,  
151 
storms, and o t h e r  major s o l a r - t e r r e s t r i a l  even t s  over the t i m e  
per iod 1870 t o  p re sen t ,  bu t  the r e s u l t s  were n o t  very d e f i n i t i v e ,  
p r imar i ly  because of an inadequate amount of d a t a ,  or i n  the case  
of geomagnetic s torms,  the  stronlg seasonal  e f f e c t .  
The second improvement i n  the  p red ic t ion  system has  been 
to u t i l i z e  seve ra l  s o l a r  a c t i v e  long i tudes  with a t t e n t i o n  t o  the 
phase of cyc le  19 when they were most a c t i v e  (Bezrukova, 1961). 
The t h i r d  important improvement has  been t o  concen t r a t e  on 
second and la te r  r o t a t i o n  of an a c t i v e  c e n t e r  f o r  f l a r e  and par- 
t i c u l a r l y  proton event  p red ic t ions .  
that of 1556 spot  groups l i s t e d  by Zur ich ,  on ly  652 were f l a r e  
S tud ie s  dur ing  the IGY showed 
a c t i v e  (a t  least  one f l a r e ) ;  30% of these  l a s t e d  1 / 2  r o t a t i o n ,  
43% la s t ed  1 r o t a t i o n ,  233 l a s t e d  2 r o t a t i o n s  and only 3.4% l a s t e d  
3 r o t a t i o n s .  It was found t h a t  of t h i s  group of 652 a c t i v e  c e n t e r s ,  
87% of the  f l a r e s  occurred on the  second o r  t h i r d  r o t a t i o n  (Smith 
and Smith, Solar  F l a r e s ,  1965). Proton even t s  show a similar con- 
c e n t r a t i o n  i n  l a te  r o t a t i o n s .  Therefore  before  1969, a l though 
severa l  a c t i v e  c e n t e r s  were s u c c e s s f u l l y  p red ic t ed ,  f l a r e s  and 
protdn even t s  occurred on later r o t a t i o n  than had been p red ic t ed .  
The long s l o w  developnent of a c t i v e  c e n t e r s  i s  an  u l t ima te  advantage 
€or men in space, because the  warning t i m e  i s  g r e a t l y  increased .  
On the o t h e r  hand i t  has  been a disadvantage i n  t h i s  s tudy.  
Analysis  of a s u f f i c i e n t  number of a c t i v e  r eg ions  f o r  two and 
th ree  months has  been exceedingly t i m e  consuming, and has  precluded 
. 
a planned s t a t i s t i c a l  a n a l y s i s  of c e n t e r s  and events .  In  a d d i t i o n ,  
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a p p l i c a b l e  s t a t i s t i c s  are more complex because the b i r t h  of a c t i v e  
c e n t e r s  and t r i g g e r i n g  of proton e v e n t s  both c o r r e l a t e  with planet-  
a r y  conf igu ra t ions  and/or  conjunct ions.  
t h a t  a s u i t a b l e  s t a t i s t i c a l  a n a l y s i s  be performed. It should now 
be poss ib l e  t o  determine the  r e l a t i v e  importance of the d i f f e r e n t  
p l ane t s  by the  r e l a t i v e  increases  on conjunct ion  d a t e s  of s o l a r  
r a d i o  and X-ray f lux .  A l s o  events  can be l i s t e d  by the energy 
spectrum ( r i g i d i t y )  ve r sus  the  p l ane t s  involved (See Table 9) .  
However ott ier f a c t o r s  must be compensated f o r ,  such a s  a c t i v e  
long i tudes ,  phase of 11-year cyc le ,  r e l a t i v e  a c t i v i t y  of cyc le  
(peak sunspot number, and so, on). 
Therefore i t  i s  recommended 
N e w  moni tor ing  techniques have campletely changed the out- 
look f o r  long range p red ic t ion .  Ten-cm. r a d i o  f l u x  has been used 
a s  a n  index throughout the  r epor t  because of i t s  r e l i a b i l i t y  and 
cont inuous record  from 1947. However, s ince  the  IGY, continuous 
d a i l y  series have been a v a i l a b l e  a t  s e v e r a l  o t h e r  wavelengths which 
r e v e a l  c o n d i t i o n s  lower i n  the  chromosphere, and would the re fo re  
be more s e n s i t i v e  i n d i c a t o r s .  Dai ly  f l u x  i s  now repor ted  i n  the 
IAU Quar t e r ly  :Bul le t in  f o r  the  fol lowing frequencies:  
8800-9400 Mc/S - Sagamore H i l l ,  Gorky, Heinr ich Her t z ,  
I r k u t s k ,  Nagoya; 10,700 Mc/sec-Penn S t a t e ,  15,000 Mc/S- 
Kislovodsk;  and 17,000 Mc/S, Tokyo. 
Furthermore,  the development of a c t i v e  c e n t e r s  can be s tudied  
more e f f e c t i v e l y  on r a d i o  spectrohel iograms.  
series (almost d a i l y )  of  rad io  f l u x  contours  of s p e c i f i c  a c t i v e  
There i s  a cont inuous 
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cen te r s  a t  9.1 c m .  wavelength from Stanford s ince  1958. 
X-ray f lux  v a r i a t i o n s  a r e  more temperature and pressure 
s e n s i t i v e ,  and now have been monitored d a i l y  f o r  six  yea r s ,  and 
hourly in three bands s ince  la te  1968. Apparently X-ray spec- 
troheliograms w i l l  became ava i l ab le  on a d a i l y  monitoring b a s i s  
i n  the near  fu ture .  The t i m e  development of a c t i v e  cen te r s  w i l l  
be f a r  more s t ra ightforward with such techniques f o r  severa l  
reasons. F i r s t ,  monitoring w i l l  no t  be r e s t r i c t e d  t o  the face 
of the sun v i s i b l e  from ea r th .  Secondly, p lane t  e f f e c t s  on 
solar a c t i v i t y  w i l l  be f a r  above the threshold de t ec t ion  of today. 
. 
1 
4 
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11. APPENDIX: SOLAR EQUATORIAL 
COORDINATES 
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11. APPENDIX: SOLAR EQUA'JDRIAL COORDINATES 
The north-south distribution of sunspots and f la res  is influenced 
by the distance of planets above or below the so la r  equator.  
due to precessional  torques on a fluid oblate sun. 
formation is per formed f r o m  the heliocentric ecliptic sys tem to the 
heliocentric so la r  equatorial  system. 
planets are calculated in the new solar  epuatorial  system. 
ascending nodes of seven planets are concentrated within twe2ty-degrees. 
Similarly,  the perihelia of five planets are located in one quadrant. 
The implications of such grouping is discussed. 
the so la r  equatorial  coordinate sys tem is demonstrated with 
experimental  data. 
It may be 
A coordinate t r a n s -  
The orbital  elements of all nine 
The 
The applicability of 
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I. TRANSFOXMATION TO SOLAR EQUATORIAL COORDINATES 
The conversion f r o m  heliocentric ecliptic coordinates to solan 
equatorial coordinates involves a rotation about the intersectiop of tlic 
planes of the ecliptic and tho so lar  equator. The intersection is the 
longitude of ascending node of the so la r  equator on the ecliptic (As). 
W e  find that 1, = 73" 40', and that the inclination of the solar  equator 
to the ecliptic is E = 7" 15 '  (Explanatory Supplement to the American 
Ephemeris,  1961). 
F i r  st ,  we make the following definitions: 
A = heliocentric longitude measu red  counterclockwise f rom 
vernal equinox along the ecliptic plane 
p = heliocentric latitude north of ecliptic plane 
AN = heliocentric longitude of ascending node of planet 
orbit  on ecliptic plane 
i = inclination of orbi t  plane to  ecliptic plane 
a' = azimuthal angle of planet in orbi t  plane, measured  c o u n t e r -  
clockwise f rom the ascending node. 
Then we have, for  any point P along the orbit :  
sin p = sin i sin a '  (see Figure ) 
C O Y  p cos(A - AN)  = cos  a' (Smart ,  1961) 
therefore - 
2 ./ 1 - cos p =  sin i s in  a' 
2 2 I - cosz  p =  sin i s in  a' 
2 c o s  p =  * IJ 1 - sin2 i sin a' 
and hence, 
sin p =  sin i s in  a' 
cos a '  
COS ( A -  AN) = f 
2 J I - sin i sin2 a1 
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. I  Orbit .  
Plane Ascend ing 
Node 
Figure 30. Planet Orbital Plane in Relation to Ecliptic Plane 
tY ,Plane of 
of Solar €qua tor  
Figure 31. Plane of Solar Equator in Relation to Ecliptic Plane 
15 7 
Now, to  t ransform f r o m  ecliptic to  so la r  equatorial  coordinates, 
we let  the zero  of so la r  equakorial longitude 1 be defined a s  the ascend-  
ing node A, of the so la r  equator, and let so la r  longitude be measured  
counterclockwise around the solar  equator.  We define b = so lar  
latitude, the angle north of the so la r  equator ( s e e  Figure 31) .  
again define E = angle of inclination of the so la r  equator to  the ecliptic. 
Also we 
. Then we have, 
s in  b = cos E s in  p - s in  E cos  p s in  ( A  -As) 
COS b COB I = COS P C O S  ( A - A s )  
(3 )  
( 4) 
When the planet c r o s s e s  the solar  equator, we have b = 0, whence f rom 
equation (3) 
0 = COS k s in  p - sin E cos ps in  ( A  - As] ( 5) 
The solutions of equation ( 5 )  give the latitude p and longitude A at 
which the planet c r o s s e s  the so la r  equator. Knowing p and X , the 
solar  longitude 1 at the "crossing point" i s  given by equation (4), 
with b = 0: 
cos 1 = cos p cos ( X  - As) ( 6 )  
Thus for a given planet the values in equation ( 5) and (6) a r e  tabulated 
near  the ascending node and an  accura te  solution may be obtained 
graphically o r  analytically by interpolation. After the ascending node 
has  been found, the inclination may  be found as the grea tes t  latitude 
north or  south at a n  angle f 90" f rom the node. The resu l t s  for all 
nine planets are shown in Table 3 4  The ascending node and inclination 
of Pluto should be regarded as tentative, since considerable extrapola- 
tion was necessary  f r o m  the ephemerides  which a r e  available for  l e s s  
than 40" longitude of Pluto 's  orbit .  
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11. PLANETARY ORBITAL ELEMENTS 
The ascending nodes of seven planets 
to  260" (Figure32) (Table34). The clustering 
related seasonal  vapiations in so l a r  activity, 
cations for  the origin of the so l a r  system. 
The different opientation of the nodes 
lie within the range 240" 
suggests that there  may be 
and may  also have impli-  
of Mercury may be related 
to  regression of the nodes due to  general  relativity,  so l a r  oblateness,  o r  
a solar  quadrupole moment (Dicke and Goldenberg, 1967) (Gilvarry and 
Sturrock,  1967) (Roxborough, 1967) (O'Connell, 1968). 
The correlation between the nodes of the planets suggests strong 
interaction o r  interrelationships between the planets. 
been shown that the maximum possible number of resonances occurs  
between the planets of the so la r  sys tem (Molchanov, 1968). 
system is compared to the satell i te sys tems of Jupi ter  and Saturn,  
which contain minimal resonances.  
shown in Table 35 where multiples of many s ider ia l  periods and synodic 
(conjunction) periods of the ma jo r  planets a r e  shown to be equivalent to 
the long period of so la r  activity ( Jose ,  1965). 
It has  recentiy 
The so lar  
The so lar  sys tem resonances a r e  
The re  is also a concentration of planetary perihelions.  
perihelions of a l l  planets (except Pluto and Mars )  a r e  within 157"; five 
important eccentr ic  planets have perihelions in the same quadrant 
(Figure 33.  
ing solar  activity. ) There  could be high spring t ides when the planets 
a r e  located in this quadrant,  if tidal e f fec ts  a r e  predominant. On the 
other hand, if  so l a r  displacement is important the timing and orientation 
of aphelion passage could be significant. 
during so la r  cycle 19 (the most  active on record)  at which t ime three  
ma jo r  planets passed aphelion: Jupi te r ,  1957; Saturn,  1959, and 
Neptune, 1959 (see Table 37). 
The 
(Pluto and Mars  would be the least  important planets affect - 
There  is  a suggestion of this 
160 
F i g u r e  32. Ascending Nodes  of the  P l a n e t s  with Respec t  t o  the 
So la r  Equator  ( schemat i c )  
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Table35.  S h o r t  P e r i o d  Resonances of t h e  I n n e r  
Supplement t o  t h e  Astronomical  Ephem 
I PERIOD 
46 S i d e r i a l  R e v o l u t i o n s  of Mercury 
18 S i d e r i a l  R e v o l u t i o n s  of Venus 
11 S i d e r i a l  R e v o l u t i o n s  of E a r t h  
6 S i d e r i a l  Revolu t ions  of Mars 
i 
P l a n e t s .  (Explana tory  
r i s ,  1961.) 
---- - -  
TROPICAL YEARS - 1 
11.079 
11.074 
11.000 
11.286 . 
Table 36. Long P e r i o d  Resonances of t h e  Outer  P l a n e t s .  (Explana tory  
Supplement t o  t h e  Astronomical  Ephemeris,  1961.) For long- 
e r  p e r i o d s ,  see "Time and Astronomic Cycles , ' '  C .  M .  S t a c e y .  
pp. 999- 1003, Encyclopedia of Atmospheric P h y s i c s  and 
Ast rogeology,  Reinhold N . Y . ,  1967. 
PERIOD 
6 
1 5  
9 
1 4  
13 
5 
4 
1 
S i d e r i a l  Revolu t ions  of S a t u r n  
S i d e r i a l  Revolu t ions  of J u p i t e r  
Synodic P e r i o d s ,  J u p i t e r  - S a t u r n  
Synodic P e r i o d s ,  J u p i t e r  - Neptune 
Synodic P e r i o d s ,  J u p i t e r  - Uranus 
Synodic P e r i o d s ,  S a t u r n  - Neptune 
Synodic P e r i o d s ,  S a t u r n  - Uranus 
Synodic Period,  Uranus - Neptune 
TROPICAL YEARS 
176.746 
177.933 
178.734 
178.923 
179.562 
179.385 
181.455 
171.40 
n 
Venus 
Pluto 
? 
F i g u r e  33.  P e r i h e l i o n  Longitudes of the P l a n e t s .  (Exp lana to ry  
Supplement t o  the As t ronomica l  E p h e m e r i s  and  the 
A m e r i c a n  E p h e m e r i s  and  Nautical  A lmanac .  ) 
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111. NORTH-SOUTH ASYMMETRY OF SOLAR ACTIVITY 
It has  long been known that so l a r  activity i s  not equally divided 
between the northern and southern hemispheres  of the sun. 
to 1850, sunspots w e r e  m o r e  numerous in the northern hemisphere ;  
f r o m  1865-1910 they predominated in the southern hemisphe re ,  and 
f r o m  1910- 1938 again in t h e  northern hemisphere  (Rubashev, 1964). 
Apparently now the nor thern  excess  i s  coming to  a n  end, s ince cycle 
20 shows increasing sou th r rn  activity. 
activity) a r e  influenced by planetary posit ion,  then their  slow swing in 
lati tude may  be  due to the s imi l a r  slow swing in the  combined influehce 
of all the planets which exe r t  an effect  on the sun. Any such influence 
would need to  b e  r e f e r r e d  to planetary lati tude with r e spec t  to the so l a r  
equator ia l  plane. Refer r ing  to Tables  3 4 ,  36 and37we find thzt the s l o w -  
est important  planets ,  Uranus and Neptune, reached  the i r  g rea t e s t  
la t i tudes north only 10 y e a r s  a p a r t  in  1672 and 1682, in the so l a r  equa- 
to r i a l  coordinate  sys t em.  
h i s to ry  of s o l a r  observat ions,  
a s y m m e t r y  occur red  between 1672 and 1704, when no spots  w e r e  
observed  in  the so l a r  northern hemisphere  (Rubashev, 1964, p. 38). 
During th i s  en t i r e  t i m e  period two o r  m o r e  outer  planets w e r e  north of 
the s o l a r  equator.  Two years be fo re  Uranus reached the  descending 
node, Saturn passed  its ascending node, and Jup i t e r ' s  northern position 
wits apparent ly  phased fo r  the generation of southern spots. 
Prev ious  
If sunspots  (and associated so la r  
We will now note a r emarkab le  fact  in the 
The mos t  ex t r eme  c a s e  of no r th -  south 
Recent ly  it has  been shown by computer  ana lys i s  that  the  orb i ta l  
posit ion of the  planet Mercury  influences the sunspot number (Bigg, 1965) .  
He found a n  amplified Mercury  effect when o ther  planets (Venus,  E a r t h ,  
or  Jup i t e r )  was on the s a m e  s ide of the sun as Mercury .  
search ing  f o r  a n  i n c r e a s e  in effect at M e r c u r y ' s  perihelion but found a 
v e r y  complex c u r v e  of sunspot number  with the orb i ta l  position of 
Mercury .  
greatest lati tudes north and south of the ecl ipt ic  plane. ' I  If the so la r  
equator ia l  plane is used as a reference level instead of the ecliptic plane,  
involving a 100" rotation fo r  M e r c u r y ' s  o r b i t ,  we find that the "two con- 
spicuous minima" occur  at the nodes of M e r c u r y ' s  orb i t  with r e spec t  to 
the  so l a r  equator .  
the sunspot  number with minima at M e r c u r y ' s  nodes and maxima a t  
the orb i ta l  points where  Mercury  i s  fa r thes t  north and south of the solar 
equator .  
are in  basic ag reemen t  with earlier r e su l t s  (Clayton, 1947) showing a 
small but consis tent  influence of Mercury ' s  north and south positions on 
sunspot  numbers .  A s imi l a r  lati tude effect has  a l so  been demonstrated 
for Venus and the E a r t h  (Clayton, 1947), provided the lati tude of the 
planet i s  r e f e r r e d  to the so la r  equator .  
Bigg w a s  
The  author  s t a t e s  "two conspicuous minima occur  near  the  
In o ther  w o r d s ,  t he re  is a sinusoidial  component of 
With this  interpretat ion,  B i g g ' s  computer  r e s u l t s  f o r  Mercury  
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CONCLUSIONS 
Solar activity has  been studied to obse rve  if t h e r e  a r e  cyclic 
variations related to  planetary position above o r  below the so l a r  equator. 
In o r d e r  to study th i s  phenomenon, a so la r  equatorial  coordinate sys tem 
was developed. 
re la t ive to the plane of the solar  equator,  s ince  the ecliptic plane used 
fo r  observational purposes  is i r re levant  in this context. 
The  orbi tdl  elements of all nine planets were  determined 
In the so l a r  equatorial  coordinate sys t em,  the ascending nodes 
of seven  planets lie within the  range 240" to 260". The concentration 
suggests  that  t he re  may be related seasonal  variations in so la r  activity 
In addition, the planets Jupi ter ,  Neptune, Mercury ,  Saturn and E a r t h  
all have eccentr ic  orb i t s  and a r e  i n  perihelion in the same heliocentric 
quadrant  between the perihelion of Jupi ter  (13". 67823) and the  ea r th  
(102'. 25253). 
exceptionally s t rong planetary t ides  ( i f  t ides  a r e  the mechanism of 
planetary influence on so la r  activity). 
A concentration of planets in this quadrant  could cause  
The applicability of the solar equatorial coordinate s y s t e m  is 
demonstrated by so lar  activity data cor re la ted  to  the north-south posi-  
t ions of inner  and outer  planets. Tables a r e  presented giving dates  of 
ascending and descending nodes, g rea tes t  lat i tudes north and south,  
and perihelion and aphelion passage in the so la r  equatorial  coordinate 
s y s t e m  for the ma jo r  planets.  
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